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_ The Proceedings of the American Society for Testing Materials are 

_ published annually and include all reports and papers offered to the So- 

ciety during the current year and accepted by the Administrative Com- ; 
mittee on Papers and Publications for the Proceedings, together with 
discussion. 

The table of contents and subject and author indexes cover all papers 
and reports published by the Society during the current year, which in 
addition to those appearing in the Proceedings include those accepted 
for publication in the ASTM BUuLtetin or in Special Technical Publi- 
cations. 

A list of the Special Technical Publications published by the Society 
in 1954 is given on page 1388 of this volume. This supplements the lists 
appearing in the Proceedings from 1948 to 1953 covering all special pub- y 
lications published by the Society up to and including 1953. 
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Nothing contained in any publication of the American Seckiny 
for Testing Materials is to be construed as granting any right, 
by implication or otherwise, for manufacture, sale, or use in 
connection with any method, apparatus, or product covered by 
Letters Patent, nor as insuring anyone against liability for 
infringement of Letters Patent. - 


_ The Society is not responsible, as a body, for the statements 
and opinions advanced in this publication 
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nical Publication No. 167) 


Papers on Non-Destructive Testing 

The Ulirasonic big of Forging Ingots—R. N. Hafemeister (see ASTM BULLETIN 
No. 197, April, 1954, p. 52 (TP 80)) 

Experiences with’ Ultrasonic Reflectoscope Inspection of Main Stem Welds of Seven 
Large Spheres—Levi Tarr (see ASTM Buttetin No. 196, February 1954, p. 
54 (TP 62); Discussion, p. 60 (T P 68)) 

Surface Waves at Ultrasonic Frequencies—E. G. Cook and H. E. VanValkenburg (see 
ASTM Buttetin No. 198, May 1954, p. 81 (TP 127)) 
The Correlation of the Betatron with Other Forms of Non-Destructive Testing—H. B. 
Norris (see ASTM Buttetin No. 197, April 1954, p. 56 (TP 84) 
Correlation of G Radiography and Magnaflux Indications in the Inspection of 
Large Cast-Steel Connecting Rods—R. L. Thompson (see ASTM BULLETIN 
No. 197, April 1954, p. 58 (TP 86)) 

Radiogra phic- Performance Correlation in Ordnance Design and Evaluation—D. T. 
O’Connor and E. L. Criscuolo (published in Special Reprint only) 

Flash X-ray Studies of Fuze Performance—E. L. Criscuolo and D. T. O'Connor (pub- 
lished in Special Reprint only) 

The —s of Fluoroscopic Inspection of Extruded > Polansky and 

T. O’Connor (published in Special Reprint onl 
Radiographic- if icrographic Examination of Aluminum a Weld—N. Modine 
and D. T. O’Connor (published in Special Reprint only) 
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Symposium on Color of Transparent and Translucent Products 
Summary of Proceedings on Color of Transparent and Translucent Products... . 1387 
Symposium on Design of Experiments 
Summary of Proceedings of the Symposium on Design of Experiments 
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Insert Plates 

Plates I and II. Potential Reactivity of Aggregate in Concrete. Report - 
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This summary of the Fifty-seventh 
Annual Meeting of the American Society 
for Testing Materials, held at the Hotels 
Sherman and Morrison, Chicago, IIl., 
June 13-18, 1954, is a record of the 
transactions of the meeting, including 
the actions taken on the various recom- 
mendations submitted by the technical 
committees. In all, 36 technical sessions 
were held. 

The registered attendance of the 
meeting is as follows: Members present 
or represented, 1223; committee mem- 
bers, 700; guests, 306; total, 2229; 
ladies, 178. 

The Proceedings are set forth session 
by session. There were 72 reports and 
100 formal papers presented. The record 
with respect to each has been briefed, 
the recommendations in the reports 
have been grouped so as to cover the 
acceptance of material for publication 
as tentative, such as new specifications, 
methods of test, revisions of tentatives, 
and proposed revisions of existing 
standards, and, as a separate group, 
the approval of matters that were 
referred to letter ballot of the Society, 
comprising the adoption of tentatives 
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as standard and the adoption of re- 
visions of standards. Accordingly, wher- 
ever the action is reported “adopted a 
as standard” or “adopted as standard, 
revisions in,” it is understood that this 
indicates approval of the Annual Meet- — 
ing for reference to letter ballot of the | : 
Society.! The various recommendations 
so recorded are included in the Society __ 
letter ballot. The actions designated as 
“accepted as tentative” or “accepted 
as tentative, revisions in” are self- 
evident as indicating acceptance by 
the Society at the Annual Meeting for 
publication as tentative. Designations — 
that have since been assigned to new 
tentatives are included as information. _ | 
While all the items on the program — ; 

are recorded under the particular session _ 
in which they are presented, for con- 
venience in locating actions with respect 
to any particular report, the accompany- 
ing list is presented of all reports to-— 
gether with the page reference where 
the actions thereon are recorded: 


1 The letter ballot on recommendations affecting stand- 
ards, distributed to the Society membership, will be can- 
vassed on September 15, 1954. ‘ 
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Committee: 


SUMMARY OF PROCEEDINGS | 


LOCATION OF ACTIONS ON COMMITTEE REPORTS 


A-5 on Corrosion of Iron and Steel 


A-10 on Iron-Chromium, Iron-Chromium-Nickel, and Related Alloys.................+- 22 
B-3 on Corrosion of Non-Ferrous Metals and 20 
B-4 on Metals for Electrical Heating, Electrical Resistance, and Electronic Applications.. 5 
B-5 on Copper and Copper Alloys, Cast 
B-7 on Light Metals and Alloys, Cast and 12 
B-9 on Metal Powders and Metal Powder Products. 6 
C-2 on Magnesium Oxychloride and Magnesium Oxysulfate Cements..................- 8 
D-1 on Paint, Varnish, Lacquer, and Related Products. ..............seseseeeeeeeeeee 17 
D-8 on Bituminous Waterproofing and Roofing Materials..................0-e2eeeeeee 30 
D-16 on Industrial Aromatic Hydrocarbons and Related Materials................-.++- 11 
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E-1 on Methods of Testing................. 
E-2 on Emission Spectroscopy.............. 
E-3 on Chemical Analysis o Metals Reidtowaliiea 


E-4 on Metallog; raph 


E-6 on Methods of Teating Building Constructions 
E-7 on Non-Destructive Testing............ 


E-9 on Fatigue. 


Advisory Committee on Corrosion 


-™ Committee on Effect of Temperature on the Properties of Metals 
SYMPOSIUMS AND SPECIAL SESSIONS 


FIFTY-SEVENTH ANNUAL MEETING — 


E-10 on Radioactive Isotopes.............. 
E-11 on Quality Control of Materials........ 
E-13 on Absorption Spectroscopy........... 
E-14 on Mass Spectrometry................ 


Symposium on Coal Sampling. 4 
Symposium on ethene so Stability of Electrical Insulating Materials................ 4, 
Symposium on Effect of Cyclic Heating and Stressing 2 Metals at Elevated 
Symposium on Methods of Testing Building Constructions.................0.000eeeee 25, 26 
Papers on Bituminous Materials 
on Comesete, Commentitions Materials. 25 


+, 


FIRST SESSION—OPENING SESSION a 


Monpay, June 14, 10:00 a.m. 


ForMAL OPENING OF THE FIFTY-SEVENTH ANNUAL MEETING, PRESIDENT L. C. BEARD, JR. 


The session was first formally opened 
by President L. C. Beard, Jr., who called 
attention to the very complete program 
of events that were to follow during the 
ensuing week. The meeting was then 


turned over to the session chairman, 
John E. Ott, Chairman of the Chicago 
District Council and Vice-Chairman of 
the Chicago Committee on Arrange- 
ments. 


TESTING 


SEssIon CHarrMan: J. E. Orr 


An Inexpensive Constant-Load Testing Machine 
—M. E. Clark and O. M. Sidebottom, pre- 
sented by Mr. Clark.? 

Size Effect in the Tension Test of Mild Steel— 
Cedric W. Richards, presented by the author. 


2 Published in the ASTM Butietin, No. 203, January, 
1955, p. 69 (TP 29). 


Production Testing of Bonded Materials with 
Ultrasonics—A Survey of Theory and Appli- 
cation—G. B. Baumeister. (Presented by 
title.)* 


3 Published in the ASTM Buttetin, No. 204, Febru- 
ary, 1955, p. 50 (TP 52). 
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A New Triaxial Stress Testing Machine for De- Appended Paper: 
termining Plastic Stress-Strain Relations—H. 


— Grube, presented by title. 


Committee E-4 on Metallography: 
Report presented by title. 
SECOND SESSION—SYMPOSIUM ON COAL SAMPLING‘! 
Monpay, June 14, 2:00 p.m. ald - 


Session CHarrMAN: H. F. HEBLEY 
Co-CHaArRMAN: W. W. ANDERSON 
Introduction—H. F. Hebley. Some Recent British Work on Coal Sampling— 
The Development of the Theoretical Basis of R. C. Tomlinson, presented from manuscript 


Coal Sampling—W. M. Bertholf, presented by the author. 
from manuscript by the author. Tests on the Binomial Sampling Theory—Jan 


VTasued as separate technical publication ASTM STP Visman, presented from manuscript by the 
No. 162. author. 


(Symposium Continued in Fifth Session) 


THIRD SESSION—SYMPOSIUM ON TEMPERATURE STABILITY OF ELECTRICAL 
INSULATING MATERIALS® 


Monpay, June 14, 2:00 p.m. 


Session CHAIRMAN: L. B. SCHOFIELD 
Co-CHAIRMAN: K. N. MATHES 


Measurements of Dielectric Properties at Tem- Electrical Resistivity of Bonded Micaceous Ma- 
peratures Up to 500 C—A. H. Scott, P. Ehr- terials at Elevated Temperature—K. Wech- 
lich, and presented from sler, presented by the author. 
manuscript by Mr. Scott. T ° one 

Dielectric Measurements on Plastics at High yee 4 a 
Temperatures—Thomas Hazen, presented by 
Haroldson, presented by the author. 

Thermal Stability of Insulating Fabrics—R. C. 

Ne. + aan as separate technical publication ASTM STP Bartlett, presented by the author. 


(Symposium Continued in Sixth Session) 


FOURTH SESSION—REPORT SESSION 


Monpay, June 14, 4:30 p.m. 


Session J. H. Foorme 


Committee A-6 on Magnetic Properties: Accepted as Tentative: 


Report presented by R. L. Sanford, chairman, Spec. for Flat-Rolled Grain-Oriented Electrical 
and the following actions taken: Steel, 3 per cent Silicon Content, in Cut 
Lengths or Coils (A 378 - 54 T) 


Electron Microstructure of Tempered Bainite 
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Spec. for Flat-Rolled Electrical Steel, 3.5 to 5 
per cent Silicon Content, in Cut Lengths or 
Coils (A 379 - 54 T) 


Accepted as Tentative, Revisions in: 


Standard General Spec. for Flat-Rolled Electri- 
cal Steel (A 345 - 49) 


Adopted as Standard, Revisions in: 


Test for Alternating Current Core Loss and Per- 
meability of Magnetic Materials (A 343 — 49) 


Committee B-1 on Wires for Electrical Con- 
ductors: 


Report presented in the absence of the chair- 
man by C. E. Ambelang, and the following ac- 
tions taken: 


Accepted as Tentative: 


Spec. for Soft or Annealed Coated Copper Con- 
ductors for Use in Hookup Wire for Electronic 
Equipment (B 286 - 54 T) 


Accepted as Tentative, Revisions in: 
Spec. for Soft or Annealed Copper Wire (B 3 - 
53 T 


Spec. for Hard-Drawn Aluminum Wire for Elec- 
trical Purposes (B 230 - 53 T) 


Adopied as Standard, Revisions in: 


Spec. for Concentric-Lay-Stranded Aluminum 
Conductors, Hard-Drawn (B 231 — 53) 

Spec. for Rolled Aluminum Rods (EC Grade) 
for Electrical Purposes (B 233 — 52) 


Committee B-4 on Metals for Electrical 
Heating, Electrical Resistance, and 
Electronic Applications: 


Report presented in the absence of the chair- 
man by J. S. Pettibone, and the following ac- 
tions taken: 


Accepted as Tentative: 


Spec. for Tungsten Wire Under 20 mils in Di- 
ameter (B 288 — 54 T) 

Spec. for Molybdenum Wire Under 20 mils in 
Diameter (B 289 - 54 T) 

Spec. for Round Wire for Use as Electron Tube 
Grid Laterals and Verticals (B 290 - 54 T) 


Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought: 


Report presented by G. H. Harnden, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Spec. for Copper-Zinc-Manganese Alloy (Man- 
ganese Brass) Sheet and Strip (B 291 - 54 T) 
Spec. for Nickel-Tin Bronze Castings (B 292 - 
54 T) 


@ em, 


Accepted as Tentative, Revisions in: 


Spec. for Copper-Nickel-Zinc Alloy (Nickel Sil- 
ver), and Copper-Nickel Alloy Plate, Sheet, 
Strip, and Rolled Bar (B 122 - 52 T) 

Spec. for Copper Rod, Bar, and Shapes (B 133 - 
52 T) 

Spec. for General Requirements for Wrought 
Seamless Copper and Copper-Alloy Pipe and 
Tube (B 251 - 53 T) 


Adopted as Standard: 


Spec. for Cartridge Brass Sheet, Strip, Plate, 
Bar, and Disks (B 19 - 52 T) 

Spec. for Copper-Base Alloy Centrifugal Cast- 
ings (B 271 - 52 T) 

Rec. Practice for Tension Test Specimens for 
Copper-Base Alloys for Sand Castings 
(B 208 - 49 T) ; 


Adopted as Standard, Revisions in: 
ae 


Spec. for Copper-Base Alloys in Ingot Form for 
Sand Castings (B 30 - 49) 

Spec. for Seamless Copper Pipe, Standard Sizes 
(B 42 - 52) 

Spec. for Seamless Copper Tube, Bright An- — 
nealed (B 68 - 51) 

Spec. for Seamless Copper Tube (B 75 - 52) 

Spec. for Seamless Copper Water Tube (B 88 - 
51): Covering (1) immediate adoption of revi- 
sion of Section 5; and (2) adoption as stand- 
ard of present tentative revision of Section 
11(i). 

Spec. for Copper-Silicon Alloy Plate and Sheet 
for Pressure Vessels (B 96 — 51) 

Spec. for Copper-Silicon Alloy Plate, Sheet, 
Strip, and Rolled Bar for General 
(B 97 - 51) 

Spec. for Copper-Silicon Alloy Rod, Bar, and 
Shapes (B 98 - 52) 

Spec. for Copper-Silicon Alloy Wire for General 
Purposes (B 99 - 51) 

Spec. for Rolled Copper-Alloy Bearing and Ex- 
pansion Plates and Sheets for Bridge and 
Other Structural Uses (B 100 - 52) 

Spec. for Copper and Copper-Base Alloy Forg- 
ing Rod, Bar, and Shapes (B 124 - 52) 

Spec. for Manganese Bronze Rod, Bar, and 
Shapes (B 138 - 52): Covering (1) immediate 


adoption of revision of Table I; and (2) adop- 
tion as standard of present tentative revision _ 7 


« 


of Section 6. 
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Spec. for Leaded Red Brass (Hardware Bronze) Adopted as Standard: 

Rod, Bar, and Shapes (B 140 - 52) 
Spec. for Aluminum a Rod, Bar and Shapes Test for Local Thickness of Electrodeposited 

(B 150-52): Covering (1) immediate adop- Coatings (A 219 - 51 T) 

tion of revision of Table I and Table II; and — 

(2) adoption as standard of present tentative Adopted as Standard, Revisions in: 

revision of Section 6. Rec. Practice for Pre : : 

paration of High-Carbon 

Spec. for Copper Sheet, Strip, Plate, and Rolled Steel for Electroplating (B 242 - 53) 

» £ Bar (B 152 - 52): Covering (1) immediate Spec. for Electrodeposited Coatings of Nickel 
adoption of revision of Section 5(a); and (2) and Chromium on Zinc and Zinc-Base Alloys 
adoption as standard of present tentative (B 142 - 53) 
revision of Table IT. 

Spec. for Phosphor Bronze Wire (B 159 — 52) Committee B-9 on Metal Powders and 
Spec. for Copper Bus Bar, Rod, and Shapes Metal Powder Products: 


(B 187 - 52) 
Spec. for Seamless Copper Bus Pipe and Tube Report presented in the absence of the chair- 
(B 188 - 52) man by H. R. Biehl, and the following actions 


Spec. for Copper-Nickel-Zinc Alloy (Nickel Sil- taken: 
ver) Wire (B 206 - 52) 
Spec. for Copper Plates for Locomotive Fire- Accepted as Tentative: 


boxes (B 11 - 49) Method for Subsieve Analysis of Granular Metal 
Spec. for Copper Rods for Locomotive Stay- Powders by Air Classification (B 293 - 54 T) 
bolts (B 12 - 52) Rec. Practice for Hardness Testing of Cemented 
Spec. for Seamless Brass Boiler Tubes (B 14 - Carbides (B 294 - 54 T) ae 
49) 
Spec. for Naval Brass Rod, Bar, and Shapes Accepted as Tentative, Revisions in: "5 
(B 21 - 52) 


Spec. for Sintered Metal Powder Structural Parts 


} pee hee Red Brass Pipe, Standard from Bronze (B 255 - $1 T) 

Spec. for Copper and Copper-Alloy Seamless : 

52) Rec. Practice for Evaluating Cemented Car- 
Spec. for Gilding Metal Strip (B 130 - 52) bides for Apparent Porosity (B 276 - 52 T) 
Spec. for Gilding Metal Bullet Jacket Cups 

(B 131 - 51) Committee C-3 on Chemical-Resistant 
Spec. for Seamless Brass Tube (B 135 - 52) Mortars: 
Spec. for Copper-Alloy Condenser Tube Plates 


Report presented by Beaumont Thomas, 
chairman, and the following actions taken: 


(B 171 - 52) 


a B-8 on Electrodeposited Metallic Accepled as Tentative: 
Coatings : Test for Bond Strength of Chemical-Resistant 


Report presented in the absence of the chair-  Mortars(C321-S4T) 00 
man by J. S. Pettibone, and the following ac- 


Adopted as Standard: 
. Test for Chemical Resistance of Hydraulic- 
Accepted as Tentative, Revisions in: Cement Mortars (C 267 - 51 T) 
Spec. for Sulfur Mortar (C 287 - 52 T) 
Spec. for Electrodeposited Coatings of Nickel 


and Chromium on Steel (A 166 - 53 T) 

Spec. for Electrodeposited Coatings of Lead on 
Steel (B 200 - 53 T) 

Spec. for Chromate Finishes on Electrodeposited Report presented in the absence of the chair- 
Zinc, Hot-Dipped Galvanized, and Zinc Die- man by R. J. Painter, and accepted as a report 


Cast Surfaces (B 201 - 49 T) progress. 


Committee C-17 on Asbestos-Cement 
Products: 
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Introduction—A. C. Fieldner. 

A Test on a Slotted Revolving Cylinder Coal 
Sampler—A. O. Blatter, presented by the 
author. 

Tests of Accuracy of a Mechanical Coal Sam- 
pler—R. L. Coryell, F. J. Schwerd, and E. J. 
Parente, presented by Mr. Coryell. 

Tests of the Geary-Jennings Sampler at Cabin 

Creek—W. M. Bertholf and W. L. Webb, pre- 

— by Mr. Webb. 
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FIFTH SESSION—SYMPOSIUM ON COAL SAMPLING! 
(Symposium Continued from Second Session) 
Monpay, June 14, 8:00 p.m. 


ESSION CHAIRMAN: Past-PREsIDENT A. C. FIELDNER 


Co-CHarrman: W. M. BERTHOLF 


i oom 4 


The Variances of Reduction and Analysis—W. — 
W. Anderson and M. L. Sutherland, presented — 
by Miss Sutherland. 

Multi-Lot Sampling, The Accuracies in Sam- © 
pling of Large Coal Shipments by Applica- _ 
tions of the Variance Concept—T. A. Miski- _ 
men and R. S. Thurston, presented from 
manuscript by Mr. Miskimen. 


SIXTH SESSION—SYMPOSIUM ON TEMPERATURE STABILITY OF ELECTRICAL — 
INSULATING MATERIALS® 


(Symposium Continued from Third Session) 


ogy 


Thermal Stability of Polyvinyl Chloride Insu- 
lating Compounds—R. C. Bartlett, presented 
from manuscript by the author. 

The Deflected Beam-Film Rupture Test Ap- 
plied to Sheet Insulation—K. N. Mathes and 
H. I. Morgan, presented from manuscript by 
Mr. Mathes. 

A Method for Evaluation of the Thermal Aging 
Stability of Flexible Sheet Insulation—C. G. 


Monpay, June 14, 8:00 p.m. 
SESSION CHAIRMAN: L. B. SCHOFIELD 


Co-CHarrman: A. H. Scott 


Currin and R. M. Plettner, presented by - 
Mr. Currin. 

Effect of Elevated Temperature on Silicone 
Varnished Glass Fabric for Electrical Insula-— 
tion—O. E. Anderson, presented from manu- 
script by the author. 

Heat Aging Characteristics of Insulating Var- 
nishes—H. I. Morgan and K. N. Mathes, pre- | 
sented from manuscript by Mr. Morgan. 


SEVENTH SESSION—WHAT STANDARDS MEAN TO US* 
TuEspaY, JuNnE 15, 9:30 a.m. 


7 

Under the auspices of the Chicago 

General Committee on Arrangements 

through its Technical Program Commit- 

tee headed by J. J. Kanter, a special ses- 


6 Published in the ASTM Buttet1n, No. 203, January, 
1955, p. 41. 


SESSION CHAIRMAN: J. J. KANTER 


sion was held which evaluated various — 
viewpoints on the significance and use of 
standards. The program included a broad 
introductory statement and discussion by 
prominent technical leaders representing _ 
consumer and producer interests and sig- _ 
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nificant remarks from the standpoint of 
the Defense Department. The list of 
papers and speakers follows: 


Introductory Remarks and Background—R. J. 
Painter, Executive Secretary, ASTM. 

Specifications from the Consumer’s Viewpoint— 
A. W. F. Green, Chief Metallurgist, Allison 


EDING 


Specifications from the Producer’s Viewpoint— 
A. O. Schaefer, Vice-President in Charge of 
Engineering and Manufacturing, The Mid- 
vale Co. 

Materials Standards and the Department of 
Defense—Capt. C. R. Watts (U. S. Navy), 
Staff Director, Standardization, Office of 
Assistant Secretary of Defense (Supply and 


Div., General Motors Corp. Logistics). 
? 
ao ! 
Tuespay, June 15, 11:30 a.m. 
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Committee C-2 on Magnesium Oxychloride 
and Magnesium Oxysulfate Cements: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following actions 
taken: 


Accepted as Tentative, Revisions in: 


Test for Ignition Loss and Active Calcium Oxide 
in Magnesium Oxide for Use in Magnesium 
Oxychloride Cements (C 247 — 52) 
The committee withdrew from the report as 
preprinted the recommendation for revision of 
the Tentative Specifications for Oxychloride 


Magnesia (C 275 - 51 T). 


Committee C-4 on Clay Pipe: 


Report presented by R. G. Scott, secretary, 
and the following actions taken: 


Adopted as Standard: 


Methods of Testing Clay Pipe (C 301 - 52 T) 

Rec. Practice for Installing Clay Sewer Pipe 
(C 12-51 T) 

Spec. for Standard Strength Clay Sewer Pipe 
(C 13 - 50 T) 

Spec. for Standard Strength Ceramic Glazed 
Clay Sewer Pipe (C 261 - 50 T) 


Committee C-8 on Refractories: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following actions 
taken: 


i 


SEssION CHAIRMAN: K. B. Woops 


Accepted as Tentative, Revisions in: 

Def. of Terms Relating to Refractories (C 71 - 
51) 

Spec. for Fireclay-Base Castable Refractories 
for Boiler Furnaces and Incinerators (C 213 - 
51) 

Adopted as Standard: 


Test for Disintegration of Fireclay Refractories 
in an Atmosphere of Carbon Monoxide 
(C 288 - 52 T) 


Adopted as Standard, Revisions in: 


Test for Crushing Strength and Modulus of 
Rupture of Insulating Fire Brick at Room 
Temperature (C 93 — 46) 


Committee C-13 on Concrete Pipe: 


Report presented by R. R. Litehiser, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 

Spec. for Concrete Sewer Pipe (C 14 - 52) 

Spec. for Reinforced Concrete Sewer Pipe 
(C 75 - 52) 

Spec. for Reinforced Concrete Culvert Pipe 
(C 76 - 52) 

Spec. for Concrete Irrigation Pipe (C 118 - 52) 


Adopted as Standard, Revisions in: 


Spec. for Concrete Sewer Pipe (C 14 - 52) 

Spec. for Reinforced Concrete Sewer Pipe 
(C 75 - 52) 

Spec. for Reinforced Concrete Culvert Pipe 
(C 76 - 52) 
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. Committee D-3 on Gaseous Fuels: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following ac- 
tion taken: 
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Adopted as Standard: 


Method of Sampling Manufactured Gas 
(D 1247 - 52 T) 
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TUESDAY, JUNE 


About 325 were present at this annual 
luncheon session, including a number of 
ladies and visitors. 


Awards of Merit: 


The Chairman of the 1954 Award of 
Merit Committee, A. T. Goldbeck, read 
brief citations and presented the follow- 
ing to President Beard, who conferred 
on them, on behalf of the Board of 
Directors, the certificates of the Award 


of Merit: 
Harvey Arthur Anderson 
_ Benjamin Albert Anderton 


> James Aston 

Robert Franklin Field 
Oliver Mills Hayden 

Earl Foster Kelley 

Gordon Mabey Kline 
Stewart Sylvanus Kurtz, Jr. 
Ernest Edgar Thum 

Sam Tour 

Herbert Lucius Whittemore 


Election of Officers: 


Results of the letter ballot on election 
of new officers were announced by the 
Chairman of the Tellers’ Committee, 
H. P. Hagedorn. The results were as 
follows: 


For President, to serve for one year: 
N. L. Mochel, 1050 votes. 

For Vice-President, to serve for two years: 
R. A. Schatzel, 1046 votes. 


Presidential Address: 


¢ & oy 
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NINTH SESSION—LUNCHEON, PRESIDENT’S ADDRESS, HONORARY MEMBERSHIPS, 
AWARDS OF MERIT, 50- AND 40-YEAR MEMBERS, INTRODUCTION OF 
R 


15, 12:00 Noon 


CHAIRMAN: Past-PRESIDENT HAROLD L. MAXWELL 


8 
For Directors, to serve for three years: 
E. J. Albert, 1044 votes. ~= 
John M. Campbell, 1043 votes. 
Paul V. Garin, 1045 votes. 
John H. Jenkins, 1042 votes. 
D. E. Parsons, 1047 votes. 


The newly-elected members of the 
Board of Directors who were present 
were introduced, as were President- 
elect Mochel and Vice-President Schat- 
zel, the latter two men _ responding 
briefly. 


_ The annual President’s Address was 
presented by L. C. Beard, Jr., his subject 

being “Plain Talk.” This address is 

printed in the July ASTM Buttetin. 


Award of Honorary Memberships: 


The Executive Secretary read cita- 
tions for the following two members who 
had been elected by the Board of Di- 
rectors to Honorary Membership in 
the Society: 


Kenneth G. Mackenzie 
Louis H. Winkler 


Dr. Beard presented the certificates 
to Messrs. Mackenzie and Winkler. 


Frank E. Richart Award: 
This award, a gift 


: 
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10 
from Mrs. F. E. Richart, recognizes out- 
standing contributions in the field of con- 
crete and concrete aggregates. The first 
recipient was Albert T. Goldbeck, En- 
gineering Director, National Crushed 
Stone Assn., who was presented to the 
President by J. H. Gilkey, chairman of 
Frank E. Richart Award Committee. 


Report of the Board of Directors: 


R. J. Painter, Executive Secretary, 
presented a brief résumé of the Report 
of the Board of Directors. 


Recognition of 50- and 40-year Members, 
Special Presentations: 
The Executive Secretary read the 
names of nine members, both individual 
and company, who had been continu- 


SUMMARY OF PROCEEDINGS 


ously affiliated with the Society for 50 
years. Certificates to that effect were 
presented. The procedure was repeated 
for twenty-two 40-year members. A 
complete list of the 50- and 40-year 
members appears in the July, 1954, 
ASTM BUvuLLETIN. 

Chairman Maxwell then presented 
the Past-President’s pin to retiring 
President L. C. Beard, Jr. Mention was 
made that this meeting brings to a 
close for L. J. Markwardt eight consecu- 
tive years on the Board of Directors, 
as Director, Vice-President, President, 
and Past-President. Recognition was also 
given to J. W. Bolton, E. O. Slater, 
Stanton Walker, and F. P. Zimmerli 
asretiring directors. = 


TENTH SESSION—SYMPOSIUM ON ODOR’ 


TueEspay, June 15, 2:30 p.m. 


SESSION CHAIRMAN: TURK 


Introduction—Amos Turk. 

Odor: A Proposal for Some Basic Definitions— 
Edward Sagarin, presented from manuscript 
by Mr. George Kolar. 

Catalytic Method of Measuring Hydrocarbon 


7 Issued as —_ technical publication ASTM STP 
No. 164. 


Concentrations in Industrial Exhaust Fumes 
—R. J. Ruff, presented from manuscript by 
Mr. Paul Goodall. 

The Design, Construction, and Use of an Odor 
Test Room—Nicholas Deininger and Russell 
W. McKinley, presented from — by 
Mr. McKinley. 74 


(Symposium Continued in Fifteenth Session) 


ELEVENTH SESSION—SYMPOSIUM ON PERMEABILITY OF SOILS* 


TuEsDAY, JUNE 15, 2:30 p.m. 


SEssION CHAIRMAN: A. W. JOHNSON 


Principles of Permeability Testing of Soils— 
Donald M. Burmister, presented from manu- 
script by the author. 

Water Movement Through Porous Hydro- 
philic Systems Under Capillary, Electric, and 


8 Issued as separate technical publication ASTM STP 
No. 163. 


Thermal Potentialsk—Hans F. Winterkorn, 
presented from manuscript by the author. 
Permeability Test for Sands—T. Y. Chu and 
D. T. Davidson, presented from manuscript 
by Mr. Chu. 

Low-Head Permeameter for Granular Mate- 
rials—E. G. Yemington, presented from 
manuscript by Mr. E. S. Barber. 


(Symposium Continued in Seventeenth Session) 
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Papers: 

Evaluating the Specific Gravity of Aggregates 
for Use in Bituminous Mixtures—W. C. Rick- 
etts, J. C. Sprague, D. D. Tabb, and J. L. 
McRae, presented by Mr. Sprague. 

A Simple Fractional Distillation Test for Creo- 
sote—H. L. Stasse, presented from manuscript 
by the author. 


Committee D-4 on Road and Paving Ma- 
terials: 


Report presented by B. A. Anderton, secre- 
tary, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Hot-Mixed, Hot-Laid Asphaltic Con- 
crete for Base and Surface Courses (D 947 - 
52 T) 

Test for Bitumen Content of Paving Mixtures 
by Centrifuge (D 1097 - 50 T) 

Spec. for Crushed Stone, Crushed Slag, and 
Gravel for Water-Bound Macadam Base and 
Surface Courses of Pavements (D 694 — 49) 


Adopted as Standard: 


Test for Effect of Water on Cohesion of Com- 
pacted Bituminous Mixtures (D 1075 - 49 T) 

Spec. for Asphaltic Mixtures for Sheet Asphalt 
Pavements (D 978 - 52 T) 

Spec. for Fine Aggregate for Sheet Asphalt and 
Bituminous Concrete Pavements (D 1073 - 
51 T) 


‘ FIFTY-SEVENTH ANNUAL MEETING 


of TWELFTH SESSION—BITUMINOUS MATERIALS 
TuEspAy, June 15, 4:00 p.m. 
SEssION CHAIRMAN: C. A. CARPENTER 


Spec. for Crushed Stone, Crushed Slag, and 
Gravel for Bituminous Concrete Base and 
Surface Courses of Pavements (D 692 - 51 T) 

Test for Soft Particles in Coarse Aggregates 
(C 235 - 49 T) (Jointly with Committee C-9) 


Adopted as Standard, Revisions in: 


Spec. for Standard Sizes of Coarse Aggregate for 
Highway Construction (D 448 - 49) 

Spec. for Crushed Stone and Crushed Slag for 
Bituminous Macadam Base and Surface 
Courses of Pavements (D 693 - 49) 

Spec. for Crushed Stone, Crushed Slag, and 
Gravel for Water-Bound Macadam Base and 
Surface Courses of Pavements (D 694 - 49) 
Also included in the preprinted report of Com- 

mittee D-4 were recommendations for (1) adop- 

tion as standard of Tentative Methods of Sam- 
pling Bituminous Materials (D 140 - 52 T); and 

(2) adoption as standard of tentative revisions of 

Standard Methods of Testing Emulsified As- 

phalts (D 244-49). These methods are also 

under the jurisdiction of Committee D-8 and 
that committee has not as yet concurred in these 
recommendations. 


Committee D-16 on Industrial Aromatic 
Hydrocarbons and Related Materials: 


Report presented by D. F. Gould, chairman, 
and accepted as a report of progress. 


Committee A-5 on Corrosion of Iron and 
Steel: 


Report presented by A. P. Jahn, chairman, 
and the following actions taken: 
Accepted as Tentative, Revisions in: 


Spec. for Zinc-Coated Steel Wire Strand (‘‘Gal- 
vanized” and Class A (“Extra Galvanized”)) 
(A 122 - 52 T) 

Spec. for Zinc-Coated Steel Wire Strand (Class 
B and Class C Coatings) (A 218 - 52 T) 


Adopted as Standard: 


Test for Local Thickness of Electrodeposited 
Coatings (A 219 - 51 T) 


THIRTEENTH SESSION—REPORT SESSION ua “1 
TueEspay, JUNE 15, 4:30 p.m. of 
SESSION CHAIRMAN: G. H. HarnpDEN 


vent 


Adopted as Standard, Revisions in: 


Test for Weight and Composition of Coating on 
Long Terne Sheet by the Triple Spot Test 
(A 309 - 49) 

The committee withdrew from the report as 
preprinted the recommendation for revision and 
reversion to tentative of the Standard Specifica- 
tions for Zinc-Coated (Galvanized) Iron or Steel 
Tie Wires (A 112 - 33). 


Committee B-2 on Non-Ferrous Metals 
and Alloys: 


Report presented by B. W. Gonser, chairman, 
and accepted as a report of progress. 
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Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 


Report presented by I. V. Williams, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Aluminum-Base Alloy Sand Castings 
(B 26-52 T) 

Spec. for Magnesium-Base Alloy Forgings 
(B 91 - 49 T) 

Spec. for Aluminum-Base Alloy Permanent 
Mold Castings (B 108 - 52 T) 

Spec. for Aluminum and Aluminum-Alloy Sheet 
and Plate for Pressure Vessel Applications 
(B 178 - 53 T) 

Spec. for Aluminum and Aluminum-Alloy Sheet 
and Plate (B 209 - 53 T) 

Spec. for Aluminum-Alloy Drawn Seamless 
Tubes (B 210-53 T) 

Spec. for Aluminum and Aluminum-Alloy Bars, 
Rods, and Wire (B 211 - 53 T) 

Spec. for Aluminum and Aluminum-Alloy Ex- 
truded Bars, Rods, and Shapes (B 221 - 53 T) 

Spec. for Aluminum-Alloy Extruded Tubes 
(B 235 - 53 T) 


Spec. for Aluminum-Alloy Pipe (B 241 - 53 T) 

Spec. for Aluminum-Alloy Die Forgings (B 247 - 
50 T) 

Spec. for Aluminum and Aluminum-Alloy Bars, 
Rods, and Shapes for Pressure Vessel Applica- 
tions (B 273 - 53 T) 

Spec. for Aluminum and Aluminum-Alloy Pipe 
and Tube for Pressure Vessel Applications 
(B 274-53 T) 


Committee D-5 on Coal and Coke: 


Report presented by W. W. Anderson, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 
Test for Free-Swelling Index of Coal (D 720 - 


46) 
Methods of Laboratory Sampling and Analysis 
of Coal and Coke (D 271 - 48) 


Committee E-3 on Chemical Analysis of 
Metals: 


Report presented by Arba Thomas, vice- 
chairman, and accepted as a report of progress. 


_ FOURTEENTH SESSION—GILLETT MEMORIAL LECTURE 
TurEspAy, June 15, 5:00 p.m. 
SESSION CHAIRMAN: PRESIDENT L. C. BEARD, JR. ; 


Third Gillett Memorial Lecture: 


President Beard called upon Mr. 
Clarence E. Sims of Battelle Memorial 
Inst., who remarked upon the establish- 
ment of the H. W. Gillett Memorial 
Lecture. This lecture is sponsored jointly 
by the ASTM and the Battelle Memorial 
Inst. to perpetuate the memory of 
Horace W. Gillett, one of America’s 
leading technologists, the first Director 
of Battelle Memorial Inst., and for 
many years a very active worker in the 
Society, through the presentation of a 
lecture on a subject pertaining to the 
development, test, evaluation, and ap- 
plication of metals. 

Richard L. Templin, Assistant Di- 
rector of Research and Chief Engineer 
of Tests, Aluminum Company of 
America, was selected to prepare and 
present this lecture. In Mr. Templin’s 
absence as the result of a recent serious 


illness, Mr. Francis M. Howell, Chief of 
the Mechanical Testing Division of the 
Aluminum Research Laboratories, pre- 
sented the lecture on “Fatigue of Alumi- 
num.” Mr. Howell presented a brief 
description of the phenomenon of fatigue 
of metals and a discussion of the mecha- 
nism of fatigue failure. The various 
factors that affect the fatigue strength 
of metals, specifically the aluminum 
alloys, were described in detail. Also 
covered were such factors as alloy 
composition, heat treatment, grain size, 
residual stresses, design fabrication, and 
environment. 

President Beard expressed apprecia- 
tion to Mr. Howell for delivering the 
lecture and, in Mr. Templin’s absence, 
presented to him on behalf of the 
Society the H. W. Gillett Memorial 
Lecture Certificate requesting that he 
in turn deliver it to Mr. Templin. 
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FIFTEENTH SESSION—SYMPOSIUM ON ODOR? | 
q (Symposium Continued from Tenth Session) 


TUESDAY, JUNE 15, 8:00 p.m. 


Organoleptic Appraisal of Three-Component 
_ Mixtures—A. Haldane Gee, presented by the 
author. 
Odor Pollution from an Official’s Viewpoint— 


Firry-sEvENTH ANNUAL MEETING 


SEssION CHAIRMAN: L. C. McCaBe 


C. W. Gruber, presented by the author. 

Odor Control Methods: A Critical Review— 
Amos Turk, presented from manuscript by the 
author. 


SIXTEENTH SESSION—FATIGUE 
TuEspay, JUNE 15, 8:00 p.m. 


SESSION CHAIRMAN: W. T. LANKFORD 


Committee E-9 on Fatigue: 


Report presented by R. E. Peterson, chair- 
man, and accepted as a report of progress. 


Papers: 


Softening of Certain Cold-Worked Metals Under 
the Action of Fatigue Loads—N. H. Polakow- 
ski and A. Palchoudhuri, presented by Mr. 
Polakowski. 

Metallographic Aspects of Fatigue Behavior of 
Aluminum—M. S. Hunter and W. G. Fricke, 
Jr., presented from manuscript by Mr. Fricke. 


(Continued in Eighteenth and Twenty-second Sessions) 


The Influence of Test Temperature and Grain 
Size on the Fatigue of Notch Sensitivity of 
“Refractaloy-26”—P. R. Toolin, presented 
from manuscript by the author. 

An Experimental Study of the Influence of 
Fluctuating Stress Amplitude on Fatigue Life 
of 75S-T6 Aluminum—H. T. Corten, G. M. 
Sinclair, and T. J. Dolan, presented by Mr. 
Corten. 

Effect of Range of Stress and Prestrain on the 
Fatigue Properties of Titanium—J. P. Ro- 
mualdi and E. D’Appolonia, presented from 
manuscript by Mr. D’Appolonia. 


TuEspay, JUNE 15, 8:00 p.m. 


SESSION CHAIRMAN: HAROLD ALLEN 


The Permeability of Compacted Fine Grained 
Soils—T. W. Lambe, presented from manu- 
script by Mr. E. S. Barber. 

The Permeability and Settlement of Laboratory 
Specimens of Sand and Sand-Gravel Mixtures 
—Chester W. Jones, presented by the author. 

Measurement of the Hydraulic Conductivity of 


SEVENTEENTH SESSION—SYMPOSIUM ON PERMEABILITY 


yr, (Symposium Continued from Eleventh Session) 


OF SOILS® 


Soil, In Place—Don Kirkham, presented from 
manuscript by the author. 

Measurement of Permeabilities in Ground- 
Water Investigations—W. O. Smith, pre- 
sented from manuscript by the author. 

Selected References on Permeability—A. I. 
Johnson. (Presented by title.) 

Summary—E. S. Barber. 
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EIGHTEENTH SESSION—FATIGUE 


; (Continued from Sixteenth Session) 


WeEbneEspay, JuNE 16, 9:15 a.m. 


Session CHarRMAN: T. J. DOLAN 


Fatigue Strength of 14S-T4 Aluminum Alloy 
Subjected to Biaxial Stresses—Robert Bundy 
and J. Marin, presented by Mr. Bundy. 

A Failure Criterion for Multi-Axial Fatigue 
Stresses—F. B. Stulen and H. N. Cummings, 
presented by Mr. Cummings. 

Dynamic Creep and Rupture Properties of an 


Aluminum Alloy Under Axial Static and Fa- 
tigue Stress—F. W. DeMoney and B. J. 
Lazan, presented by Mr. Lazan. 

Experiments in Fatigue Under Ranges of Stress 
in Torsion and Axial Load from Tension to 
Extreme Compression—W. N. Findley, pre- 
sented from manuscript by the author. 


(Continued in Twenty-second Session) 


NINETEENTH SESSION—SOILS 


abt 


WEDNESDAY, JUNE 16, 9:15 a.m. 


Session CHAIRMAN: E. J. KitcAWLEY 


Papers: 

Study and Development of Methods for Deter- 
mining In-Place Density of Cohesionless Soils 
—Donald F. Griffin, presented from manu- 
script by the author. 

Investigation of the Effect of Transient Loading 
on the Strength and Deformation Charac- 
teristics of Saturated Sands—H. B. Seed and 
R. Lundgren, presented from manuscript by 
Mr. George Sowers. 

Piles Subjected to Lateral Thrust® 

= I—H. G. Mason and J. A. Bishop, pre- 


sented by Mr. Mason. 

Part II—L. A. Palmer and P. P. Brown, pre- 
Committee D-18 on Soils for Engineering 

Purposes: 


sented by Mr. Palmer. 


Report presented by E. J. Kilcawley, chair- 
man, and the following actions taken: 
Accepled as Tentative, Revisions in: 


Test for Liquid Limit of Soils (D 423 - 39) 
Test for Plastic Limit and Plasticity Index of 
Soils (D 424 - 39) 


® Issued as a supplement to the Symposium on Lateral 
Load Tests on Piles, ASTM STP No. 154A. 


STP No. 154. 


Method of Mechanical Analysis of Soils (D 422 - 

51) 

The revisions in these standards consisted 
in a complete rewriting, and with their accept- 
ance for publication as tentative, the standards 
have been withdrawn. 


Adopted as Standard: 


Test for Amount of Material in Soils Finer than 
the No. 200 Sieve (D1140-SOT) 


C. A. Hogentogler Award: 


Established by the committee in 
honor of its First Chairman and given 
in recognition of a paper of outstanding 
merit on soils for engineering purposes 
presented before the Society, the first 
presentation of this award was made to 
A. A. Wagner, Bureau of Reclamation, 
Denver, Colo., for his paper on “Lateral 
Load Tests on Piles for Design Informa- 
tion,” presented at the 1953’ Annual 
Meeting and published in the Sym- 
posium on Lateral Load Tests on Piles, 
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SESSION CHAIRMAN: D. E. Parsons 


Committee C-14 on Glass and Glass 
Products: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following actions 
taken: 


Adopted as Standard: 
Test for Resistance of Glass Containers to 
Chemical Attack (C 225 - 49 T) 


Committee 
Materials: 


C-16 on Thermal Insulating 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Cellular 
(C 343-54T) . 
Spec. for Calcium Silicate Block-Type Thermal 

Insulation (C 344 - 54 T) 
Spec. for Calcium Silicate Thermal Insulation 
for Pipes (C 345 - 54 T) 


Glass Insulating Block 


Adopted as Standard: 

Spec. for Mineral Wool Blanket Insulation 
(Metal-Mesh Covered) (Industrial Type) 
(C 263 - 51 T) 

Spec. for Mineral Wool Blanket-Type Pipe In- 
sulation (C 280 - 51 T) 


Adopted as Standard, Revisions in: 

Test for Compressive Strength of Preformed 
Block Type Thermal Insulation (C 165 - 45) 

Tentative Withdrawn: 


Test for Water Vapor Permeability of Sheet 
Materials Used in Connection with Thermal 
Insulation (C 214 - 48 T) 


Committee C-21 on Ceramic Whiteware: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following actions 
taken: 


Accepted as Tentative, Revisions in: 


Def. of Terms Relating to Ceramic Whiteware 
(C 242 - 50 T) 


i 


FIFTY-SEVENTH ANNUAL MEETING 


ol TWENTIETH SESSION—REPORT SESSION 


WEDNESDAY, JUNE 16, 11:30 a.m. 


Committee C-22 on Porcelain Enamel: 


Report presented by W. N. Harrison, chair- 
man, and the following actions taken: 


Accepted as Tentative: 
Test for 45-deg Specular Gloss of Porcelain 
Enamels (C 346 - 54 T) 


Test for Reflectivity and Coefficient of Scatter 
of White Porcelain Enamels (C 347 - 54 T) 


Adopted as Standard: 

Test for Resistance of Porcelain Enameled Ut: n- 
sils to Boiling Acid (C 283 - 51 T) 

Test for Sieve Analysis of Wet Milled and Dry 
Milled Porcelain Enamel (C 285 - 52 T) 


Committee E-1 on Methods of Testing: 


Report presented by P. J. Smith, secretary, 
and the following actions taken: 


Accepled as Tentative: 


Method for Rapid Indentation Hardness Test- 
ing of Metallic Materials (E 103 - 54 T) 


Accepted as Tentative, Revisions in: 


Methods of Tension Testing of Metallic Mate- 
rials (E 8 - 52 T) 

Test for Brinell Hardness of Metallic Materials 
(E 10 - 50 T) 

Spec. for ASTM Hydrometers (E 100 - 53 T) 

Def. of Terms Relating to Methods of Testing 
(E 6 - 36) 

Adopted as Standard, Revisions in: 

Spec. for ASTM Thermometers (E 1 — 53) 

Test for Rockwell Hardness and Rockwell 
Superficial Hardness of Metallic Materials 
(E 18-42) 


Accepted for Publication as Information Only: 

Specifications for Apparatus for the Determi- 
nation of Water by Distillation 

Committee E-5 on Fire Tests of Materials 
and Construction: 
Report presented by R. C. Corson, secretary, 

and the following actions taken: 

Accepted as Tentative, Revisions in: 

Methods of Fire Tests of Building Construction 


and Materials (E 119 - 53) 
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Adopted as Standard, Revisions in: 
Methods of Fire Tests of Building Construction 
and Materials (E 119-53): Covering (1) 
immediate adoption of revision of the Intro- 
duction; and (2) adoption as standard of pres- 
ent tentative revision of Sections 9 and 26. 


SUMMARY OF PROCEEDINGS 


@, 


Committee E-11 on Quality Control of 


Materials: 


Report presented by H. F. Dodge, chairman, 


and accepted as a report of progress. * "mia 


Joint Committee on Effect of Temperature 
on the Properties of Metals: 


Report presented by F. B. Foley, chairman, 
and accepted as a report of progress. 


Papers: 


The Strength of Carbon Steels for Elevated 
Temperature Applications—R. F. Miller, pre- 
sented by the author. 

Statistical Evaluation of the Creep-Rupture 


TWENTY-FIRST SESSION—EFFECT OF TEMPERATURE Oo 
WEDNESDAY, JUNE 16, 2:00 P.M. 
CHAIRMAN: VicE-PREsIDENT N. L. MOocHEL 


Properties of Four Heat-Resistant Alloys in 
Sheet Form—A. I. Rush and J. W. Freeman, 
presented by Mr. Rush. 

Elevated Temperature Fatigue Properties of 
Several High-Temperature Sheet Materials— 
D. C. Goldberg and J. J. Lombardo, presented 
from manuscript by Mr. Goldberg. 

Thermal Shock Testing Procedure—A. W. F. 
Green, K. Lampson, and T. Tsareff, pre- 
sented from manuscript by Mr. Lampson. 


al 


A Simplified Statistical Procedure for Obtain- 
ing Design-Level Fatigue Curves—E. H. 
Schuette, presented by the author. 

An Appraisal of the Prot Method of Fatigue 
Testing—H. T. Corten, Todor Dimoff, ana 
T. J. Dolan, presented by Mr. Dolan. 

Investigations Concerning the Fatigue of Air- 
craft Structures—Robert A. Carl and Thomas 

J. Wegeng, presented by Mr. Carl. 


SESSION CHATRMAN: R. E. PETERSON 
SECRETARY: W. T. LANKFORD 


TWENTY-SECOND SESSION—FATIGUE 
(Continued from Sixteenth and Eighteenth Sessions) 


WEDNESDAY, JUNE 16, 2:00 P.m. 


On Fatigue Tests Under Progressive Stress, a 
Theory of Fatigue of Metals and a Quick 
Method for Determining the Fatigue Limit— 
Nobusuke Enomoto. (Presented by title.) 


1 To be published in Proceedings, Am. Soc. Testing 
Mats., Vol. 55 (1955). 


Mixing and Curing Water for Concrete—W. J. 
McCoy, presented from manuscript by the 
author. 

Petrographic Examination of Concrete Aggre- 
gates—Richard C. Mielenz, presented from 
manuscript by the author.” 

"it To be issued as a separate technical publication. 


12 To be included in the Significance of Tests of Con- 
crete volume. Also published in this volume, p. 1188. 


TWENTY-THIRD SESSION—SIGNIFICANCE OF TESTS OF CONCRETE" 
WEDNESDAY, JUNE 16, 2:00 P.M. 


SEssION CHAIRMAN: L. E. GREGG 


Significance of Tests and Properties of Mineral 
Admixtures—H. S. Meissner, presented from 
manuscript by the author. 

Air-Entraining Admixtures—C. E. Wuerpel, 
presented from manuscript by the author. 

Setting Time of Concrete—E. W. Scripture, Jr., 
presented from manuscript by Mr. S. W. 
Benedict. 
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Committee C-1 on Cement: 


Report presented by R. R. Litehiser, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Spec. for Portland-Pozzolan Cement (C 340- 
54 T) 

Test for Heat of Hydration of Portland Cement 
(Short Method) (C 186 - 54 T) 


Accepted as Tentative, Revisions in: ” 


Spec. for Air-Entraining Additions for Use in 
the Manufacture of Air-Entraining Portland 
Cement (C 226 - 52 T) 

Test for Calcium Sulfate in Hydrated Portland 
Cement Mortar (C 265 - 51 T) 

Test for Autoclave Expansion of Portland Ce- 
ment (C 151 - 53) 


Adopted as Standard: 
Spec. for Natural Cement (C 10-52 T) 
Adopted as Standard, Revisions in: 


Test for Autoclave Expansion of Portland Ce- 
ment (C 151 - 53) 


Committee C-11 on Gypsum: 
Report presented by G. W. Josephson, chair- 
man, and the following actions taken: 
Accepted as Tentative: 
Spec. for Gypsum Concrete (C 317 - 54 T) 


Adopted as Standard, Revisions in: 

Spec. for Gypsum Wallboard (C 36 - 52) 

Methods of Testing Gypsum and Gypsum Prod- 
ucts (C 26-52) 

Spec. for Gypsum Partition Tile or Block 
(C 52-41) 

Spec. for Gypsum Sheathing Board (C 79-52) 

Spec. for Gypsum Lath (C 37 - 50) 


Committee C-15 on Manufactured Masonry 
Units: 


Report presented by M. H. Allen, secretary, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Methods of Sampling and Testing Concrete 
Masonry Units (C 140 - 52) 


FIrty-SEVENTH ANNUAL MEETING 
TWENTY-FOURTH SESSION—REPORT SESSION i 
WEDNESDAY, JUNE 16, 4:00 P.M. 


Session CHarrMAN: M. Van Loo 


Adopted as Standard: 


Spec. for Structural Clay Facing Tile (C 212 - 
52 T) 
Spec. for Chemical-Resistant Masonry Units 
(C 279 - 52 T) 
The committee withdrew from the report as 
preprinted the proposed tentative Specification 
for Brick-Block Units Made from Clay or Shale. 


Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products: 


Report presented by W. T. Pearce, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Test for Fineness of Grind of Printing Inks by 
the Production Grindometer (D 1316 - 54 T) 

Test for Flash Point of Volatile Solvents by the 
Tag Open-Cup Apparatus (D 1310 - 54 T) 

Test for Phthalic Anhydride Content of Alkyd 
Resins and Esters Containing Other Dibasic 
Acids (Gravimetric) (D 1306 - 54 T) 

Test for Phthalic Anhydride Content of Alkyd 
Resins and Esters Containing Other Dibasic 
Acids (Spectrophotometric) (D 1307 - 54 T) 

Test for Viscosity Reduction Power of Hydro- 
carbon Solvents (D 1311 - 54 T) 

Test for Apparent Free Phenols in Synthetic 
Phenolic Resins or Solutions Used for Coating 
Purposes (D 1312 - 54 T) 

Test for Acid Number of Bleached Lac and 
Bleached Lac Varnish (D 29 - 54 T) 


Accepted as Tentative, Revisions in: 


Test for Kauri-Butanol Value of Hydrocarbon 
Solvents (D 1133 - 50 T) 

Test for Purity of Acetone and Methyl Ethyl 
Ketone (D 1154 - 51 T) 

Method for Evaluating Resistance to Blistering — 
of Paints on Metal When Subjected to Immer- 
sion or Other Exposure to Moisture or Liquids 
(D 714-45) 


Adopted as Standard: 


Spec. for Methanol (Methyl Alcohol) (D 1152 - 
51 T) 

Test for Specific Gravity of Pigments (D 153 - 
52 T) 

Water Immersion Test of Organic Coatings on 

Steel (D 870-51 T) 
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Laboratory Test for Degree of Resistance of 
Traffic Paint to Bleeding (D 969 - 52 T) 

Test for Viscosity of Paints, Varnishes, and Lac- 
quers by Ford Viscosity Cup (D 1200 - 52 T) 

Test for Color of Clear Liquids (Platinum-Co- 
balt Scale) (D 1209 - 52 T) 

Test for Fineness of Dispersion of Pigment- 
Vehicle Systems (D 1210 - 52 T) 

Methods for Measurement of Wet Film Thick- 
ness of Paint, Varnish, Lacquer, and Related 
Products (D 1212 - 52 T) 

Test for Crushing Resistance of Glass Spheres 
(D 1213 - 52 T) 

Test for Sieve Analysis of Glass Spheres 
(D 1214-52 T) 


Adopted as Standard, Revisions in: 
Methods of Testing Drying Oils (D 555 - 53) 


Accepted for Publication as Information Only: 
Specifications for Raw Safflower Oil 


Committee D-6 on Paper and Paper 
Products: 


Report presented by W. R. Willets, chairman, 
and the following actions taken: 


Adopted as Standard: 


Test for Flat Crush of Corrugated Paperboard 
(D 1225 - 52 T) 

Test for Water Resistance of Paper, Paperboard, 
and Other Sheet Materials by the Dry-Indi- 
cator Method (D 779-52 T), with editorial 
revision in Section 7 covering deletion of 
or.” 

Test for Ply Adhesion of Paper (D 825 - 52 T), 
with editorial revision of the new Section 2 
covering deletion of “5S to.” 

Test for Zinc and Cadmium in Paper (D 1224 - 
52 T) 


Committee D-10 on Shipping Containers: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and accepted as a report 
of progress. 


Committee D-9 on Electrical Insulating 
Materials: 
Report presented by W. A. Zinzow, vice- 
chairman, and the following actions taken: 
Accepted as Tentative: 


Test for Water in Insulating Oils by Extraction 
(D1315-54T) 


Accepted as Tentative, Revisions in: 


PROCEEDINGS 


Test for Molded Materials Used for Electrical 
Insulation (D 48 - 52 T) 

Method of Testing Electrical Insulating Oil 
(D 117 - 53 T) 

Test for Electrical Resistance of Insulating Ma- 
terials (D 257 - 52 T) 

Methods of Testing Varnished Cloths and Var- 
nished Cloth Tapes Used for Electrical In- 
sulation (D 295 - 52 T) 

Test for Sludge Formation in Mineral Trans- 
former Oil (D 670 - 42 T). The revision con- 
sists of revising the Sludge Accumulation Test 
(Method A) and publishing it as a separate 
method (D 1314-54T). The High-Pressure 
Oxidation Test (Method B) is being adopted 
as standard and published as a separate 
method (D 1313 - 54) 

Spec. for Vulcanized Fibre Sheets, Rods and 
Tubes Used for Electrical Insulation (D 710 - 
52 T) 

Rec. Practice for the Purchase of Uninhibited 
Mineral Oil for Use in Transformers and in 
Oil Circuit Breakers (D 1040 - 49 T) 

Test for Insulation Resistivity of Electrical In- 
sulating Oils of Petroleum Origin (D 1169 - 
52 T) 

Spec. for Enclosures and Servicing Units for 
Tests Above and Below Room Temperature 
(D 1197-52T) (Jointly with Committee 
D-20) 

Spec. for Phenolic Molding Compounds (D 700 - 
52 T) 

Methods of Testing Sheet and Plate Materials 
Used for Electrical Insulation (D 229 - 49) 
Methods of Testing Laminated Tubes Used for 

Electrical Insulation (D 348 - 52) 

Methods of Testing Laminated Round Rods 
Used for Electrical Insulation (D 349 - 52) 
Test for Power Factor and Dielectric Constant 
of Electrical Insulating Oils of Petroleum 

Origin (D 924 - 49) 

Test for Water Absorption of Plastics (D 570 - 
42). This represents approval of the recom- 
mendation submitted by Committee D-20 to 
the Administrative Committee on Standards 
since this method is under joint jurisdiction 
of the two commitiees. 


Adopted as Standard: 4 


Spec. for Natural Block Mica and Mica Films 
Suitable for Use in Mica-Dielectric Capacitors 
(D 748 - 52 T) 

Test for Sludge Formation in Mineral Trans- 
former Oil (D 670-42 T). Method B was 
revised and adopted as standard as a separate 
method (D1313-54), 
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Adopted as Standard, Revisions in: 

Test for Power Factor and Dielectric Constant 
of Natural Mica (D 1082 - 51) 

Methods of Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 618 - 53) 
(Jointly with Committee D-20) 
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The committee withdrew from the report as 
preprinted the recommendation for adoption as 
standard of the Tentative Spec. for Orange Shel- 
lac and Other Indian Lacs for Electrical Insula- 
tion (D 784 - 52 T). Loa 


TWENTY-FIFTH SESSION—REPORT SESSION 


WEDNESDAY, JUNE 16, 4:00 p.m. 


>= 
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Committee A-1 on Steel: 


Report presented by H. B. Oatley, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for High Strength Low Alloy Cold-Rolled 
Steel Sheets and Strip (A 374 - 54 T) 

Spec. for High Strength Low Alloy Hot-Rolled 
Steel Sheet and Strip (A 375 - 54 T) 

Spec. for Seamless Austenitic Steel Pipe for 
High-Temperature Central Station Service 
(A 376 - 54 T) 


Accepted as Tentative, Revisions in: 


Spec. for General Requirements for Delivery of 
Rolled Steel Plates, Shapes, Sheet Piling and 
Bars for Structural Use (A 6 - 53 T) 

Spec. for Billet Steel Bars for Concrete Rein- 
forcement (A 15 - 52 T) 

Spec. for Rail Steel Bars for Concrete Rein- 
forcement (A 16 - 52 T) 

Spec. for Welded and Seamless Steel Pipe 
(A 53 - 52 T) 

Spec. for Seamless Steel Boiler Tubes (A 83 - 
52 T) 

Spec. for Electric-Resistance-Welded Steel Pipe 
(A 135 - 51 T) 

Spec. for Axle-Steel Bars for Concrete Rein- 
forcement (A 160 - 52 T) 

Spec. for Seamless Low-Carbon and Carbon- 
Molybdenum Steel Still Tubes for Refinery 
Service (A 161 - 53 T) 

Spec. for Electric-Resistance-Welded Steel and 
Open-Hearth Iron Boiler Tubes (A 178- 
53 T) 

Spec. for Cold-Drawn Low-Carbon Steel Heat- 
Exchanger and Condenser Tubes (A 179- 
53 T) 

Spec. for Welded Steel Wire Fabric for Concrete 
Reinforcement (A 185 - 53 T) 

Spec. for Seamless Steel Boiler Tubes for High- 

Pressure Service (A 192 - 51 T) 


SESSION CHAIRMAN: Past-Presipent H. L. MAXWELL 


Spec. for Seamless Cold-Drawn Intermediate 
Alloy-Steel Heat-Exchanger and Condenser 
Tubes (A 199 - 53 T) 

Spec. for Seamless Intermediate Alloy-Steel 
Still Tubes for Refinery Service (A 200- 
53a T) 

Spec. for Seamless Carbon-Molybdenum Alloy- 
Steel Boiler and Superheater Tubes (A 209 - 
51 T) 

Spec. for Medium-Carbon Seamless Steel Boiler 
and Superheater Tubes (A 210 - 52 T) 

Spec. for High Tensile Strength Carbon-Silicon 
Steel Plates for Boilers and Other Pressure 
Vessels (A 212 - 53 T) 

Spec. for Seamless Alloy-Steel Boiler, Super- 
heater and Heat Exchanger Tubes (A 213 - 
53 T) 

Spec. for Electric-Resistance-Welded Steel Heat- 
Exchanger and Condenser Tubes (A 214- 
53 T) 

Spec. for Electric-Resistance-Welded Steel 
Boiler and Superheater Tubes for High-Pres- 
sure Service (A 226 - 53 T) 

Spec. for Welded Austenitic Stainless Steel for 
Boiler, Superheater, Heat Exchanger and Con- 
denser Tubes (A 249 - 53a T) 

Spec. for Electric-Resistance-Welded Carbon- 
Molybdenum Alloy-Steel Boiler and Super- 
heater Tubes (A 250 - 53 T) 

Spec. for Welded and Seamless Open-Hearth 
Iron Pipe (A 253 - 51 T) 

Spec. for Copper Brazed Steel Tubing (A 254 - 
51 T) 

Spec. for Steel Plates for Pressure Vessels for 
Service at Low Temperatures (A 300 - 53 T) 

Spec. for Chromium-Molybdenum Steel Plates 
for Boilers and Other Pressure Vessels 
(A 301 - 53 T) 

Spec. for Seamless and Welded Austenitic 
Stainless Steel Pipe (A 312-51 T) (Jointly 
with Committee A-10) 

Spec. for Seamless and Welded Steel Pipe for 

Low-Temperature Service (A 333-50 T) 
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Spec. for Seamless and Welded Steel Tubes for 
Low-Temperature Service (A 334-51 T) 
Methods and Definitions for Mechanical Testing 

of Steel Products (A 370-53 T) 
Spec. for Open-Hearth Carbon-Steel Rails 
(A 1-53) 


Adopted as Standard: 


Spec. for Open-Hearth Steel Girder Rails of 
Plain, Grooved, and Guard Types (A 2 - 49 T) 

Spec. for Low-Carbon Steel Joint Bars (A 3- 
49 T) 

Spec. for Structural Nickel Steel (A 8 - 52a T) 

Spec. for Soft Steel Track Spikes (A 65 - 49 T) 

Spec. for Steel Screw Spikes (A 66-49 T) 

Spec. for Structural Silicon Steel (A 94-52 T) 

Spec. for Structural Steel for Locomotives and 
Cars (A 113 - 52 T) 

Spec. for Carbon-Steel Forgings for General 
Industrial Use (A 235-52 T) 

Spec. for Alloy-Steel Forgings for General 
Industrial Use (A 237 - 52 T) 

Spec. for Carbon and Alloy-Steel Ring and 
Disk Forgings (A 243 - 51 T) 

Spec. for Carbon-Steel Seamless Drum Forgings 
(A 266 - 51 T) 

Spec. for Low and Intermediate Tensile Strength 
Carbon-Steel Plates of Structural Quality 
(Plates 2 in. and Under in Thickness) (A 
283 - 52 T) 

Spec. for Carbon and Alloy-Steel Forgings for 
Magnetic Retaining Rings for Turbine 
Generators (A 288 - 50 T) 

Spec. for Alloy-Steel Forgings for Nonmagnetic 
Coil Retaining Rings for Turbine Generators 
(A 289 - 52 T) 

Spec. for Carbon and Alloy-Steel Forgings for 
Rings for Reduction Gears (A 290-52 T) 

Spec. for Steel Sheet Piling (A 328 - 52 T) 

Spec. for Heat-Treated Steel Tires (A 329- 
50 T) 

Method of Macroetch Testing and Inspection 
of Steel Forgings (A 317 - 52 T) 

Spec. for Medium-Carbon Steel Joint Bars 
(A 4-49 T) 

Spec. for Carbon Steel Forgings for Locomotives 
and Cars (A 236 - 52 T) 

Spec. for Alloy-Steel Forgings for Locomotives 
and Cars (A 238 - 49 T) 

Spec. for Carbon Steel Blooms, Billets, and 
Slabs for Forgings (A 273 - 52 T) 

Spec. for Alloy-Steel Blooms, Billets, and Slabs 
for Forgings (A 274 - 52 T) 

Spec. for Carbon and Alloy-Steel Forgings for 
Pinions for Reduction Gears (A 291 - 52 T) 

Spec. for Carbon and Alloy-Steel Forgings for 

Turbine Generator Rotors and Shafts (A 292 - 

52 T) 


SUMMARY OF PROCEEDINGS 
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Spec. for Carbon and Alloy-Steel Forgings for 
Turbine Bucket Wheels (A 294-52 T) 


Adopted as Standard, Revisions in: 


Spec. for High-Carbon Steel Joint Bars (A 
5-53) 

Spec. for Multiple-Wear Wrought Steel Wheels 
(A 57 - 48) 

Spec. for Black and Hot-Dipped Zinc-Coated 
(Galvanized) Welded and Seamless Steel 
Pipe for Ordinary Uses (A 120-47) 

Spec. for Electric-Fusion (Arc)-Welded Steel 
Plate Pipe (Sizes 16 in. and Over) (A 134 - 53) 

Spec. for Electric-Fusion (Arc)-Welded Steel 
Pipe (Sizes 4 in. and Over) (A 139 - 53) 

Spec. for One-Wear Wrought Steel Wheels 
(A 186 - 46) 

Spec. for Spiral-Welded Steel or Iron Pipe 
(A 211 - 44) 

Spec. for Welded and Seamless Steel Pipe Piles 
(A 252 - 46) 

Spec. for Seamless and Welded Ferritic Stainless 
Steel Tubing for General Service (A 268 - 53) 
(Jointly with Committee A-10) 

Spec. for Seamless and Welded Austenitic 
Stainless Steel Tubing (A 269-52) (Jointly 
with Committee A-10) 

Spec. for Seamless and Welded Austenitic 
Stainless Steel Sanitary Tubing (A 270-50) 
(Jointly with Committee A-10) 

Spec. for Seamless Austenitic Chromium-Nickel 
Steel Still Tubes for Refinery Service (A 
271 - 53) 

Spec. for Heat-Treated Carbon-Steel Bolting 
Material (A 261 - 47) 


Tentative Withdrawn: 


Spec. for Rolled Carbon-Steel 

Frames (A 287 - 46 T) 

The committee withdrew from the report 
as preprinted recommendations for adoption 
as standard of Tentative Spec. for Boiler and 
Firebox Steel for Locomotives (A 30- 52a T), 
and Tentative Spec. for Carbon and Alloy 
Steel Forgings for Turbine Rotors and Shafts 
(A 293 - 52 T). 


Locomotive 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys: 


Report presented by K. G. Compton, chair- 
man, and the following actions taken: 
Accepted as Tentative: 


Method of Acetic Acid-Salt Spray (Fog) Testing 
(B 287 -54T) 
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Accepted as Tentative, Revisions in: 


Method for Salt Spray (Fog) Testing (B 117 - 
49 T) 


Committee B-6 on Die-Cast Metals and 


Alloys: 


Report presented by W. Babington, chairman, 
and the following action taken: 


Accepted as Tentative, Revisions in: 


Spec. for Aluminum-Base Alloy Die Castings 
(B 85 - 52 T) 


Committee E-7 on Non-Destructive Testing: 


Report presented in the absence of the chair- 
man by J. W. Caum, and accepted as a report 
of progress. 


Advisory Committee on Corrosion: 


Report presented by F. L. LaQue, chairman, 
and accepted as a report of progress. 
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TWENTY-SIXTH SESSION—MARBURG LECTURE, DUDLEY MEDAL, AND AWARDS > 


WEDNESDAY, JUNE 16, 4:30 p.m. 


Edgar Marburg Lecture: 


President Beard opened the session 
by giving a brief statement of the pur- 
pose of the lecture. Harold F. Dodge, 
Quality Results Engineer and Member of 
the Technical Staff, Bell Telephone 
Laboratories, Inc., was then introduced 
as the 28th Edgar Marburg Lecturer. 
In his lecture on “Interpretation of 
Scientific and Engineering Data,” Mr. 
Dodge discussed the role played by 
sampling and quality control techniques. 
He gave particular attention to the 
application of some of the simpler 
statistical methods used in the interpre- 
tation of data obtained in development, 
production, and inspection activities. 
In industry, the development and 
production of materials and manu- 
factured products involves at every 
turn the collection, analysis, and in- 
terpretation of quantitative data. Most 
engineering data can advantageously be 
regarded as a sample to tell something 
about a larger whole or about the be- 
havior of the cause system or process 
that gave rise to the data. 

President Beard expressed apprecia- 


SESSION CHAIRMAN: PRESIDENT L. C. BEARD, JR. 


tion to Dr. Dodge for his very interesting 
lecture on a most important subject 
and presented to him on behalf of the 
Society the Edgar Marburg Lecture 
Certificate. 


Charles B. Dudley Medal: 


The Twenty-sixth Award of the 
Charles B. Dudley Medal was made to 
C. E. Work, Assistant Professor, and 
T. J. Dolan, Research Professor, Uni- 
versity of Illinois, Urbana, Ill., for 
their paper on “The Influence of Strain- 
Rate and Temperature on the Strength 
and Ductility of Mild Steel in Torsion,” 
presented at the 1953 Annual Meeting 
and published in the 1953 Proceedings. 


Richard L. Templin Award: 


The Ninth Richard L. Templin 
Award was made to Messrs. E. T. Wessel 
and R. D. Olleman, Metallurgical and 
Ceramic Department, Westinghouse 
Electric Corp., East Pittsburgh, Pa., 
for their paper on “Apparatus for Ten- 
sion Testing at Subatmospheric Tem- 
peratures,” published in the ASTM 
BuLieTIN, No. 187, January, 1953. 
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SUMMARY OF 


Sam Tour Award: 


The Fifth Sam Tour Award was made 
to John T. Richards, Chief Engineer, 
Penn Precision Co., Inc., Reading, Pa., 


for his paper on “The Corrosion of 
Beryllium Copper Strip in Sea Water 
and Marine Atmospheres,” presented 
at the 1953 Annual Meeting and pub- 
lished in the 1953 Proceedings. 


TWENTY-SEVENTH SESSION—SYMPOSIUM ON EFFECT OF CYCLIC HEATING 
AND STRESSING ON METALS AT ELEVATED TEMPERATURES® 


7 THURSDAY, JUNE 17, 9:15 A.M. 


Session CHAIRMAN: N. FREY 


What We Need to Know About Creep—John 
E. Dorn and Lawrence A. Shepard, presented 
from manuscript by Mr. Shepard. 

The Problem of Thermal Stress Fatigue in 
Austenitic Steels at Elevated Temperatures— 
L. F. Coffin, Jr., presented by the author. 


m 7 as separate technical publication ASTM STP 
0. . 


The Effect of Temperature Cycling on the Rup- 
ture Strength of Some High-Temperature 
Alloys—J. Miller, presented by the author. 

Experiments on the Effects of Temperature and 
Load Changes on Creep-Rupture of Steels— 
G. V. Smith and E. G. Houston, presented 
from manuscript by Mr. Smith. 


(Symposium Continued in Twenty-eighth Session) 


_ TWENTY-EIGHTH SESSION—SYMPOSIUM ON EFFECT OF CYCLIC HEATING 
AND STRESSING ON METALS AT ELEVATED TEMPERATURES® 


(Symposium Continued from Twenty-Seventh Session) 


THuRSDAY, JUNE 17, 2:00 P.M. 


- 


Session CHAIRMAN: F. B. Forey 


Effects of Cyclic Overloads on the Creep Rates 
and Rupture Life of Inconel at 1700 and 
1800 F—R. H. Caughey and W. B. Hoyt, 
presented from manuscript by Mr. Hoyt. 

The Creep-Rupture Properties of Aircraft Sheet 
Alloys Subjected to Intermittent Load and 
Temperature—G. J. Guarnieri, presented 
from manuscript by the author. 


Several Sheet Materials—Ward F. Simmons 
and Howard C. Cross, presented by Mr. 
Simmons. 

The Effect of Composition on the Scaling of 
Fe-Cr-Ni Alloys Subjected to Cyclic Tempera- 
ture Conditions—H. E. Eiselstein and E. N. 
Skinner, presented from manuscript by Mr. 
Skinner. 


Constant and Cyclic-Stress Creep Tests of Summary—D. N. Frey. 


TWENTY-NINTH SESSION—REPORT SESSION 


THuRSDAY, JUNE 17, 4:30 


Committee A-10 on Iron-Chromium, Iron- 


Chromium-Nickel, and Related Alloys: 


Report presented by Jerome Strauss, chair- 


man, and the following actions taken: 


SEssION CHAIRMAN: VICE-PRESIDENT C. H. FELLOWS 


Accepted as Tentative: 


Rec. Practice for Descaling and Cleaning 
Stainless Steel Surfaces (A 380-54 T) 
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Accepted as Tentative, Revision in: 


Spec. for Seamless and Welded Austenitic 
Stainless Steel Pipe (A 312-51T) (Jointly 
with Committee A-1) 


Adopted as Standard: 


Spec. for Hot-Rolled and Cold-Finished Cor- 
rosion-Resisting Steel Bars (A 276-49 T) 


Adopted as Standard, Revisions in: 


Spec. for Corrosion-Resisting Chromium-Nickel 
Steel Plate, Sheet, and Strip (A 167 - 44) 
Spec. for Corrosion-Resisting Chromium Steel 

Plate, Sheet, and Strip (A176 - 49) 

Spec. for High-Strength Corrosion-Resisting 
Chromium-Nickel Steel Sheet and Strip 
(A 177 - 44) 

Spec. for Corrosion-Resisting Chromium and 
Chromium-Nickel Steel Plate, Sheet, and 
Strip for Fusion-Welded Unfired Pressure 
Vessels (A 240 - 49) 

Spec. for Seamless and Welded Ferritic Stainless 
Steel Tubing for General Service (A 268 - 
53) (Jointly with Committee A-1) 

Spec. for Seamless and Welded Austenitic Stain- 
less Steel Tubing for General Service (A 269 - 
52) (Jointly with Committee A-1) 

Spec. for Seamless and Welded Austenitic 
Stainless Steel Sanitary Tubing (A 270 - 50) 
(Jointly with Committee A-1) 

Spec. for Seamless Austenitic Chromium-Nickel 
Steel Still Tubes for Refinery Service (A 271 - 
53) (Jointly with Committee A-1) 


Committee D-11 on Rubber and Rubber- 
like Materials: 


Report presented by Arthur Carpenter, 
secretary, and the following actions taken: 


Accepted as Tentative: 


Spec. for Sheet Rubber Packing (D 1330 - 54 T) 

Methods for Evaluating Low-Temperature 
Characteristics of Rubber and Rubber-Like 
Materials by a Temperature-Retraction 
Procedure (TR Test) (D 1329 - 54 T) 


Accepted as Tentative, Revisions in: 


Methods of Sample Preparation for Physical 
Testing of Rubber Products (D 15 - 52 T) 
Methods for Chemical Analysis of Rubber 
Products (D 297 - 50 T) 

Methods of Testing Automotive Air Brake and 
Vacuum Brake Hose (D 622-48 T) 

Spec. for Rubber and Synthetic Rubber Com- 
pounds for Automotive and Aeronautical 
Applications (D 735 - 52a T) 
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tions. 


Test for Low-Temperature Brittleness of Rubber 
and Rubber-Like Materials (D 736 - 46 T) 
Method of Measuring Low-Temperature Stiffen- 
ing of Rubber and Rubber-Like Materials 
by the Gehman Torsional Apparatus (D 

1053 - 52 T) 

Spec. and Methods of Test for Latex Foam 
Rubbers (D 1055 - 53 T) 

Spec. and Methods of Test for Sponge and 
Expanded Cellular Rubber Products (D 
1056 - 53 T) 

Spec. and Methods of Test for Concentrated, 
Ammonia Preserved, Creamed and Cen- 
trifuged Natural Rubber Latex (D 1076- 
52 T) 

Spec. for Non-Metallic Gasket Materials for 
General Automotive and Aeronautical Pur- 
poses (D 1170-51 T) 

Methods of Testing Adhesives for Brake Lining 
and Other Friction Materials (D 1205 - 52 T) 


Adopted as Standard, Revisions in: 


Test for Tear Resistance of Vulcanized Rubber 
(D 624 - 48) 


Committee D-12 on Soaps and Other 
Detergents: 


Report presented in the absence of the 
chairman by P. J. Smith, and the following 
actions taken: 


Accepted as Tentative: 


Test for Surface and Interfacial Tension of 
Solutions of Surface-Active Agents (D 1331 - 
54 T) 


Accepted as Tentative, Revisions in: 


Test for pH of Aqueous Solutions of Soaps and 
Detergents (D 1172 - 51 T) 


Adopted as Standard, Revisions in: 


Methods of Sampling and Chemical Analysis 
of Soaps and Soap Products (D 460 - 46) 
Methods of Sampling and Chemical Analysis 

of Alkaline Detergents (D 501 - 49) 
Def. of Terms Relating to Soaps and Other 
Detergents (D 459 - 52) 


The revisions for immediate adoption set 
forth in the preprinted report with respect to 
Specifications D 928-52 should have been listed 
as an editorial change since they represent the 
correction of a typographical error that had 
occurred in a recent printing of the specifica- 
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recommended by the committee for adoption 


SUMMARY OF 


Committee D-13 on Textile Materials: 


Report presented by S. J. Hayes, vice- 
chairman, and the following actions taken: 


Accepted as Tentative: 


Test for Determination of Build-Up and Spread 
of Glass Yarn as Wrap (Serving) or Braid 
Over Electrical Conductors (D 1332 - 54 T) 

Methods of Testing Elastic Fabrics (D 1333 - 
54 T) 

Test for Tuft Bind of Pile Floor Coverings 
(D 1335 - 54 T) 

Test for Yarn Distortion in Woven Fabrics 
(D 1336 - 54 T) 

Test for Wool Content of Raw Wool (Com- 
mercial Scale) (D 1334-54 T) 

Test for “Fineness” of Cotton Fibers by Re- 
sistance to Air Flow (Micronaire Method) 
(D 1448 - 53 T) 

Test for Length of Cotton Fibers by Fibro- 
graph (D 1447 - 54 T) 


Accepted as Tentative, Revisions in: 


General Methods of Testing Cotton Fibers 
(D 414 - 53 T) 

Test for Total Wool Fiber Present in Wool in 
the Grease (D 584 - 53 T) 

Methods of Core Sampling of Wool in Packages 
for Determination of Percentage of Total 
Wool Fiber Present (D 1060 - 53 T) 

Methods of Testing and Tolerances for Rayon 
Tire Cord (D 885 - 53 T) 

Methods of Testing and Tolerances for Cotton 
Yarns (D 180 - 52 T) 

Rec. Practice for Interlaboratory Testing of 
Textile Materials (D 990 - 52 T) 

Test for Snag Resistance of Hosiery (D 1115 - 
50 T) 

Def. of Terms Relating to Textile Materials 
(D 123 - 53 T), with an editorial correction in 
the definition of “Slide Fasteners” to change 
the last word “scoops” to read “ 

Spec. for Woven Asbestos Cloth (D 677 - - 50) 
Methods of Testing and Tolerances for Certain 
Wool and Part Wool Fabrics (D 462 - 53) 
Test for Maximum Residual Shrinkage of Silk 
and Rayon, and Acetate Woven Fabrics 

(D 416 - 39) 

Test for Vegetable Matter in Scoured Wool 

(D 1113 - 52) 


Adopted as Standard: 


Def. of Terms Relating to Textile Materials 
(D 123-53 T): Definitions for 10 terms as 
set forth in the preprinted report, now ap- 
pearing in Tentative D123-53T, were 
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as standard. The following 8 definitions were 
withdrawn from the report as preprinted 
and will be continued as tentative: Bleaching, 
Compliance, Lea, Lea Skein, Top, Woolen 
Spun, Worsted Spun, Yarn Unevenness. 

Methods of Quantitative Analysis of Textiles 
(D 629 - 46 T) 

Test for Small Amounts of Copper and Manga- 
nese in Textiles (D 377 — 52 T) 

Test for Colorfastness to Light of Textiles 
(D 506 - 52 T) 

Test for Resistance of Textile Fabrics and Yarns 
to Insect Pests (D 582 - 49 T) 

Test for Water Resistance of Textile Fabrics 
(D 583 - 52 T) 

Test for Evaluating Compounds Designed to 
Increase Resistance of Fabrics and Yarns to 
Insect Pests (D 627 - 49 T) 

Test for Resistance of Textile Materials to 
Microorganisms (D 684 - 53 T) 

Test for Evaluating Treated Textiles for Perma- 
nence of Resistance to Microorganisms 
(D 862 - 45 T) 

Test for Shrinkage in Laundering of Knit Cotton 
Fabrics (D 1231 - 52 T) 

Test for Shrinkage in Laundering of Knit Rayon 
Fabrics (D 1232 - 52 T) 

Methods of Sampling Cotton Fibers for Testing 
(D 1441 - 52 T) 

Test for Fiber Weight per Unit Length and Ma- 
turity of Cotton Fibers (Array Method) 
(D 1442 - 52 T) 

Test for Sampling and Testing Staple Length of 
Wool in the Grease (D 1234-52 T) 

Spec. and Methods of Test for Asbestos Yarns 
(D 299 - 52 T) 

Spec. and Methods of Test for Asbestos Lap 
(D 1061 - 52 T) 


Accepted for Publication as Information Only: 


Differential Dye Test for Predicting Dyeing 
Behavior of Cotton. 


Committee D-17 on Naval Stores: 


Report presented by V. E. Grotlisch, chair- 
man, and the following actions taken: 


Adopted as Standard: 


Test for Rosin Acids in Fatty Acids (D 1240 - 
52 T) 


Committee E-2 on Emission Spectroscopy: 


Report presented by B. F. Scribner, chair- 
man, and accepted as a report of progress. 


Committee E-10 on Radioactive Isotopes: 


Report presented by D. M. McCutcheon, 
chairman, and accepted as a report of progress. 
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Committee E-13 on Absorption Spectros- 
copy: 
Report presented in the absence of the chair- 
man by P. J. Smith, and accepted as a report of 
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Committee E-14 on Mass Spectrometry: 


Report presented in the absence of the chair- 
man by P. J. Smith, and accepted as a report of 
progress. 


The Creep Characteristics of Copper-Nickel 
Alloys at 300, 400, and 500 F—J. H. Port 
and A. I. Blank, presented by Mr. Port. 

Creep Properties of Annealed Unalloyed Zir- 
conium—M. J. Manjoine and W. L. Mudge, 
Jr., presented by Mr. Manjoine. 

Tensile and Creep Properties at Elevated 


‘Tuurspay, June 17, 8:00 
SEssron Cuarrman: G. R. 


Temperatures of Some Magnesium-Base 
Wrought Alloys—Hugh Baker, presented 
from manuscript by the author. 

Tensile and Creep Properties at Elevated 
Temperatures of Some Magnesium-Base 
Sand Casting Alloys—K. E. Nelson, pre- 
sented from manuscript by the author. 


Investigations Relating to the Use of Fly Ash 
as a Pozzolan and as an Admixture in Port- 
land-Cement Concrete—L. John Minnick. 
(Presented by title.) 

Some Observations on the Mechanics of Alkali- 
Aggregate Reaction—L. S. Brown, presented 
from manuscript by the author.'4 

Statistical Relation Between Cylinder, Modified 
Cube, and Beam Strength of Concrete— 
Clyde E. Kesler, presented by the author. 


To be published in the ASTM Butietin. 


THIRTY-FIRST SESSION—CONCRETE, CEMENTITIOUS MATERIALS 
THURSDAY, JUNE 17, 8:00 p.m. 
SEssION CHAIRMAN: A. ALLAN BATES 


A Rapid Accelerated Test for Cement-Ag- 
gregate Reaction—C. H. Scholer and G. M. 
Smith, presented by Mr. Smith. 

Cracking in Masonry Caused by Moisture Ex- 
pansion of Structural Clay Tile—J. W. Mc- 
Burney, presented by the author. ; 

Some Volume Changes in Mortar and Con- 
crete—F. O. Anderegg and J. A. Anderegg, 
presented from manuscript by Mr. J. A. 
Anderegg."* 


THIRTY-SECOND SESSION—SYMPOSIUM ON METHODS OF TESTING 
BUILDING CONSTRUCTIONS® 


THURSDAY, JUNE 17, 8:00 p.m. 


SEssION CHAIRMAN: W. T. SAVAGE 


re 


Introduction—W. T. Savage. 

Why Test Building Constructions?—H. L. 
Whittemore, presented from manuscript by 
Mr. J. W. McBurney. 

Structural Performance Requirements in Hous- 


as separate technical publication ASTM STP 
De 


No. 


(Symposium Continued in Thirty-third Session) 


bl 


ing Codes—Lyman W. Wood, presented _ 
from manuscript by the author. 7 
Transverse Tests of Masonry Walls—C. B. 
Monk, Jr., presented from manuscript by aad 
the author. 
Fire Tests of Building Structures and Materials 
and Their Utilization in Building Code Re- 
quirements—A. J. Steiner, presented from | 
manuscript by the author. : 
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SESSION CHAIRMAN: 


History and Bibliography of Wood Diaphragm 
Tests—A. C. Horner, presented from manu- 
script by the author. 

Glued and Nailed Roof Trusses for House Con- 
struction—R. F. Luxford, presented from 
manuscript by the author. 

Lateral Tests on Full-Scale Lumber- and Ply- 
wood-Sheathed Roof Diaphragms—J. R. 
Stillinger, presented from manuscript by 
Mr. J. W. Johnson. 

Summary—J. A. Liska. 


Committee C-7 on Lime: 


Report presented by E. E. Eakins, vice- 
chairman, and accepted as a report of progress. 


Committee C-20 on Acoustical Materials: 


Report presented by H. J. Sabine, secretary, 
and accepted as a report of progress. 


Committee D-7 on Wood: 
y Report presented in the absence of the chair- 


SUMMARY OF PROCEEDINGS 


THIRTY-THIRD SESSION—SYMPOSIUM ON METHODS OF TESTING 
BUILDING CONSTRUCTIONS" 


(Symposium Continued from Thirty-second Session) 
Frmay, JuNE 18, 9:15 a.m. 


man by L. C. Gilbert, and the following actions 
taken: 


Lyman W. Woop 


Accepted as Tentative: 


Spec. for Modified Woo» (D 1324 - 54 T) 

Spec. for Ammoniacal Copper Arsenite (D 1325 - 
54 T) 

Methods of Chemical Analysis of Ammoniacal 
Copper Arsenite (D 1326 - 54 T) 


Accepted as Tentative, Revisions in: 
Spec. for Round Timber Piles (D 25 - 53 T) 


Committee E-6 on Methods of Testing 
Building Constructions: 


Report presented by J. A. Liska, chairman, 
and the following action taken: 


Adopled as Standard: 


Methods of Conducting Strength Tests of Panels 
for Building Construction (E 72 - 51 T) 


Papers: 

Measuring Viscosity of Thermosetting Resins 
by Parallel Plate Plastometry—Donald I. 
Marshall, presented by the author."* 

Effect of Crystallinity, and Crazing, Aging, 
and Residual Stress, on Creep of Kel-F, 
Canvas Laminate, and Geon, Respectively— 
W. N. Findley, presented from manuscript 
by the author. 

Creep-Time Relations for Nylon in Tension, 
Compression, Bending, and Torsion—Joseph 
Marin, A. C. Webber, and G. Weissmann, 
presented by Mr. Weissmann. 

Time-Temperature Relationship for Rupture 
Stresses in Reinforced Plastics—S. Goldfein, 
presented by the author. 


Published in the ASTM Butuetm, No. 204, 
February, 1955, p. 40 (TP 42). 


Fripay, JUNE 18, 9:15 a.m. 


Session CHAIRMAN: H. K. Nason 


Committee D-20 on Plastics: 


Report presented by R. K. Witt, chairman, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Phenolic Molding Compounds (D 
700-52T) (Jointly with Committee D-9) 

Spec. for Enclosures and Servicing Units for 
Tests Above and Below Room Temperature 
(D 1197-52T) (Jointly with Committee 
D-9) 

Test for Impact Resistance of Plastics and 
Electrical Insulating Materials (D 256- 
47 T) 

Spec. for Molds for Test Specimens of Plastic 
Molding Materials (D 647 - 51 T) 
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Test for Brittleness Temperature of Plastics 
and Elastomers by Impact (D 746 - 52 T) 
Test for Resistance to Abrasion (Optical Effects) 
of Transparent Plastics (D 1044 - 49 T) 

Def. of Terms Relating to Plastics (D 883 - 
53T), with definition of “Gel” omitted 
from report as preprinted and definition of 
“Creep” modified editorially 

Test for Measuring the Molding Index of 
Thermosetting Molding Powder (D 731 — 50) 

Descriptive Nomenclature of Objects Made 
from Plastics (D 675-45), with definitions 
of the terms “Frosting,” “Gloss,” “Haze, 
Internal,” “Haze, Surface,” “Let-Go,” and 
“Lubricant-Bloom” withdrawn from report 
as preprinted. 


Adopted as Standard: 


Spec. for Primary Octyl Phthalate Ester Plasti- 
cizers (D 1249 - 52 T) 

Test for Compressive Properties of Rigid Plas- 
tics (D 695 - 52 T) 

Test for Bearing Strength of Plastics (D 953 - 
48 T) 

Test for Apparent Density and Bulk Factor of 
Granular Thermoplastic Molding Powder 
(D 1182 - 51 T) 

Test for Measurement of Changes in Linear 
Dimensions of Nonrigid Thermoplastic Sheet- 
ing or Film (D 1204 - 52 T) 

Test for Specific Viscosity of Vinyl Chloride 
Polymers (D 1243 - 52 T) 


Adopted as Standard, Revisions in: 


Test for Diffusion of Light by Plastics (D 636 - 
43) 

Test for Luminous Reflectance, Transmittance, 
and Color of Materials (D 791 - 50) 

Method of Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 618- 
53) (Jointly with Committee D-9) 


Tentatives Withdrawn: 


Test for Water Vapor Permeability of Plastic 
Sheets (D 697 - 42 T) 

Test for Weight Loss of Plastics on Heating 
(D 948 - 47 T) 

Rec. Practice for Transfer Molding of Specimens 
of Phenolic Materials (D 1046 - 49 T) 
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The committee withdrew from the report 
as preprinted recommendations for adoption 
as standard of Tentative Method of Test for 
Repeated Flexural Stress (Fatigue) of Plastics 
(D 671-52 T); Tentative Method of Test for 
Volatile Loss from Plastic Materials (D 1203 - 
52T); and Tentative Method of Test for 
Measuring Flow Rates of Thermoplastics by 
Extrusion Plastometer (D 1238 - 52 T). i 


Committee D-14 on Adhesives: 


Report presented in the absence of the 
chairmen by S. F. Etris, and the following 
actions taken: 


Accepted as Tentative: 


Test for Storage Life of Adhesives by Con- 
sistency and Bond Strength (D 1337 - 54 T) 

Test for Working Life of Liquid or Paste Ad- 
hesives by Consistency and Bond Strength 
(D 1338 - 54 T) 


Adopted as Standard: 


Spec. for Impact Strength of Adhesives (D 
950 - 52 T) 


Accepted for Publication as Information Only: 


Method for Testing Bonded Specimens as 
Cantilever Beams Under Repeated Constant 
Deflection 

Test for Susceptibility of Dry Adhesive Films 
to Attack by Roaches 

Test for Susceptibility of Dry Adhesive Films 
to Attack by Laboratory Rats 


Committee D-23 on Cellulose and Cellulose 
Derivatives: 


Report presented in the absence of the 
chairman by S. F. Etris, and the following 
actions taken: 

Accepted as Tentative: 
Test for Viscosities of Cellulose Derivatives by 

the Ball-Drop Method (D 1343 - 54 T) 
Accepted as Tentative, Revisions in: 


Methods of Testing Cellulose Acetate (D 871 - 
48) 


Poisson Effect in the Charpy Test—Carl E. 
Hartbower, presented by the author. 
Effect of Microstructure on the Elevated 


THIRTY-FIFTH SESSION—IMPACT 
Fray, June 18, 9:15 a.m. 
SEsSION CHAIRMAN: E. F. LUNDEEN 


Temperature Strength of Alloy Steel—J. J. 
Heger, J. M. Hodge, and P. W. Marshall, 
presented from manuscript by Mr. Heger. 
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Short-Time Tension and Creep-Rupture Proper- 
ties of Hardened 1040, 4340, and Ni-Cr-Mo-V 
Steels Up to 1000 F—G. V. Smith and W. B. 
Seens, presented by Mr. Smith. 

Effect of Specimen Size on Notched Bar Im- 
pact Properties of Quenched-and-Tempered 


Steels—Harry Schwartzbart and J. P. 
Sheehan, presented by Mr. Sheehan. 

Notch Bar Tests of High-Strength Steel— 
Richard H. Raring and J. A. Rinebolt, 
presented by Mr. Raring. 


THIRTY-SIXTH SESSION—REPORT SESSION an 
* 
Fripay, JUNE 18, 11:30 a.m. 


SESSION CHAIRMAN: PRESIDENT L. C. BEARD, JR. 


Committee A-3 on Cast Iron: 
Report presented by J. S. Vanick, chairman, 
and the following action taken: 
Accepted as Tentative: 
Spec. for Cast Iron Pressure Pipe (A 377 - 54 T) 


Adopted as Standard: 

Methods of Impact Testing of Cast Iron (A 
327 - 50 T) 

Standard Withdrawn: 

Spec. for Cast Iron Pit-Cast Pipe for Water or 
Other Liquids (A 44 - 41) 

Committee A-7 on Malleable-Iron Castings: 
Report presented by W. A. Kennedy, chair- 

man, and the following actions taken: 

Adopted as Standard: 


Spec. for Malleable Iron Flanges, Pipe Fittings, 
and Valve Parts for Railroad, Marine, and 
Other Heavy Duty Service (A 338 - 51 T) 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by L. W. Teller, chairman, 


and the following actions taken: 


Accepted as Tentative: consti 

Test for Volume Change of Concrete Products 
(C 341 - 54 T) 

Test for Potential Volume Change of Cement- 
Aggregate Combinations (C 342 - 54 T) 


Accepted as Tentative, Revisions in: 


Test for Volume Change of Cement Mortar 
and Concrete (C 157 - 52 T) 

Test for Potential Reactivity of Aggregates 
(Chemical Method) (C 289 - 52 T) 


Test for Flexural Strength of Concrete (Using 
Simple Beam with Center-Point Loading) 
(C 293 - 52 T) 

Descriptive Nomenclature of Constituents of 
Natural Mineral Aggregates (C 294 ~ 52 T) 

Def. of Terms Relating to Concrete and Con- 
crete Aggregates (C 125 - 48) 


Adopted as Standard: 


Method of Making and Curing Concrete Com- 
pression and Flexure Test Specimens in the 
Laboratory (C 192 - 52 T) 

Method of Sampling Fresh Concrete (C 172 - 
52 T) 

Test for Air Content of Freshly Mixed Con- 
crete by the Pressure Method (C 231 - 52 T) 

Method of Testing Air-Entraining Admixtures 
for Concrete (C 233 - 52 T) 

Test for Comparing Concretes on the Basis of 
the Bond Developed with Reinforcing Steel 
(C 234 - 49 T) 

Test for Soft Particles in Coarse Aggregates 
(C 235-49T) (Jointly with Committee 
D-4) 

Rec. Practice for Petrographic Examination of 
Aggregates for Concrete (C 295 — 52 T) 

Spec. for Air-Entraining Admixtures for Con- 
crete (C 260 - 52 T) 


Adopted as Standard, Revisions in: 


Test for Cement Content of Hardened Portland- 
Cement Concrete (C 85 - 42) 
Spec. for Ready-Mixed Concrete (C 94 - 48) 


Standard Withdrawn: 

Spec. for Lightweight Aggregates for Concrete 
(C 130 - 42) 

Committee C-12 on Mortars for Unit 
Masonry: 


Report presented by J. M. Hardesty, chair- 
man, and the following action taken: _ ‘ 
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Accepted as Tentative, Revision in: 


Spec. for Mortar for Unit Masonry (C 270- 
52 T) 


Committee D-2 on Petroleum Products and 
Lubricants: 


Report presented by W. T. Gunn, secretary, 
and the following actions taken: 
6 
Accepted as Tentative: 


— 

Test for Tensile Strength of Paraffin Wax 
(D 1320 - 54 T) 

Test for Needle Penetration of Petroleum 
Waxes (D 1321 - 54 T) 

Test for Smoke Point of Jet Fuels (D 1322 - 
54 T) 

Test for Mercaptan Sulfur in Jet Fuels (Ampero- 
metric Method) (D 1323 - 54 T) 

Test for Hydrocarbon Types in Liquid Pe- 
troleum Products by Fluorescent-Indicator 
Adsorption (FIA) Method (D 1319 - 54 T) 

Test for Sodium in Residual Fuels by Flame 
Photometer (D 1318 - 54 T) 

Test for Chlorine in Lubricating Oils (Sodium 
Alcoholate Volumetric Method) (D 1317 - 
54 T) 


Accepted as Tentative, Revisions in: 


Test for Free and Corrosive Sulfur in Petroleum 
Products (Copper Strip Test) (D 130 - 50 T) 

Test for Existent Gum in Fuels by Jet Evapora- 
tion (D 381 - 52 T) 

Test for Neutralization Value (Acid and Base 
Numbers) by Color-Indicator Titration 
(D 974-53 T) 

Test for Determination of Purity from Freezing 
Points (D 1016 - 52 T) 

Method of Measuring the Temperature of 
Petroleum and Petroleum Products (D 1086 - 
52 T) 

Test for Phosphorus in Lubricating Oils, 
Lubricating Oil Additives, and Their Con- 
centrates (D 1091 - 50 T) 

Test for Distillation of Crude Petroleum 
(D 285 - 52) 


Adopted as Standard: 


Test for API Gravity of Petroleum and Ite 
Products (Hydrometer Method) (D 287 - 
53 T) 

Test for Rust-Preventing Characteristics of 
Steam-Turbine Oil in the Presence of Water 
(D 665 - 53 T) 

Test for Oxidation Characteristics of Inhibited 


FIFTy-SEVENTH ANNUAL MEETING 


Steam-Turbine Oils (D 943 - 53 T) Pes Water in Petroleum and Bituminous Products. 


Test for Analysis of 60 Octane Number Iso- 
octane-Normal Heptane ASTM Knock Test 
Reference Fuel Blends by Infrared Spectro- 
photometry (D 1095 - 50 T) 

Test for 1,3-Butadiene in C, Hydrocarbon 
Mixtures by Ultraviolet Spectrophotometry 
(D 1096 - 50 T) 

Test for Total Inhibitor Content (p-Tertiary- 
Butylcatechol) of Butadiene (D 1157 - 51 T) 

Def. and Spec. for Farm Tractor Fuels (D 1215 - 
52 T) 

Test for Density and Specific Gravity of Liquids 
by Bingham Pycnometer (D 1217 - 52 T) 
Test for Specific Gravity of Petroleum and Its 
— (Hydrometer Method) (D 1298 - 

T) 


Adopted as Standard, Revisions in: 


Test for Distillation of Gasoline, Naphtha, 
Kerosine, and Similar Petroleum Products 
(D 86 - 53) 

Test for Distillation of Gas Oil and Similar 
Distillate Fuel Oils (D 158 - 53) 

Test for Distillation of Natural 
(D 216 - 53) 

Test for Neutralization Value (Acid and Base 
Numbers) by Potentiometric Titration 
(D 664 - 52) 

Test for Saponification Number of Petroleum 
Products by Potentiometric Titration (D 
939 — 52) 


Accepted for Publication as Information Only: 


Test for Filterability of Jet Fuel 

Test for Mercaptan Sulfur in Jet Fuels (Po- 
tentiometric Titration Method) 

Test for Individual Hydrocarbons in a (, 
Fraction by Infrared Spectrophotometric 
Method 

Test for Emulsion Characteristics of Steam- 
Turbine Oils 

Revision of Tentative Method of Sampling 
Petroleum and Petroleum Products (D 270 - 
53 T) 

Revision of Tentative Method of Measuring 
the Temperature of Petroleum and Petroleum 
Products (D 1086 - 52 T) 

Revision of Tentative Method of Test for 
Reduced Pressure Distillation of Petroleum 
Products (D 1160 - 52 T) 


The committee withdrew from the report as 
preprinted recommendations for (1) revision of 
Tentative Rec. Practice for Volume Calculations 
and Corrections in Measurements of Petroleum 
and Petroleum Products (D 1087-52 T); and 
(2) publication as information of the Test for 
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Committee D-8 on Bituminous Water- 
proofing and Roofing Materials: 


_ Report presented by H. R. Snoke, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Spec. for Woven Burlap Fabrics Saturated with 
Bituminous Substances for Use in Water- 
proofing (D 1327 - 54 T) 

‘Test for Staining Properties of Asphalts (Modi- 

_ fied Pressure Method) (D 1328 - 54 T) 


| Accepted as Tentative, Revisions in: 


Methods of Testing Asphalt Roll Roofing, 
Cap Sheets, and Shingles (D 228 - 48 T) 
Spec. for Asphalt Roofing Surfaced with Min- 

eral Granules (D 249 - 50 T) 
“Spec. for Asphalt Shingles Surfaced with 
Mineral Granules (D 225 - 51) 
om. for Asphalt-Saturated Roofing Felt for 
_ Use in Waterproofing and in Constructing 
Built-Up Roofs (D 226 - 47) 
“Spec. for Coal Tar Saturated Roofing Felt for 

Use in Waterproofing and in Constructing 
_ Built-Up Roofs (D 227 - 47) 

Spec. for Asphalt-Saturated Asbestos Felts for 
Use in Waterproofing and in Constructing 
Built-Up Roofs (D 250 - 47) 


Adopted as Standard: 


Def. of Terms Relating to Bituminous Water- 
proofing and Roofing Materials (D 1079 - 
52 T) 


Adopted as Standard, Revisions in: 


Spec. for Asphalt Shingles Surfaced with 
Mineral Granules (D 225 - 51) 

Spec. for Asphalt Roofing Surfaced with Pow- 
dered Talc or Mica (D 224 - 52) 

Spec. for Asphalt Siding Surfaced with Mineral 
Granules (D 699 - 51) 


Committee D-15 on Engine Antifreezes: 


Report presented in the absence of the 
chairman by P. J. Smith, and the following 
actions taken: 


Adopted as Standard: 


Test for Reserve Alkalinity of Concentrated 
Engine Antifreezes (D 1121 - 50 T) 

Test for Water in Concentrated Engine Anti- 
freezes by the Iodine Reagent Method 
(D 1123 - 50 T) 
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Method for Sampling and Preparing Aqueous 
Solutions of Engine Antifreeze for Testing 
Purposes (D 1176 - 52 T) 

Test for Freezing Point of Aqueous Engine 
Antifreeze Solution (D 1177 - 52 T) 


Committee D-19 on Industrial Water: 


Report presented in the absence of the 
chairman by M. D. Huber, and the following 
actions taken: 


Accepted as Tentative: 


Test for Sulfite Ion in Industrial Water (D 
1339 - 54 T) 

Method for Determination of Thickness of 
Internal Deposits on Tubular Heat Exchange 
Surfaces (D 1341 - 54 T) 

Test for Oily Matter in Industrial Water 
(D 1340 - 54 T) 


Accepted as Tentative, Revisions in: 


Test for Total Carbon Dioxide and Calculation 
of the Carbonate and Bicarbonate Ions in 
Industrial Water (D 513-50 T) 

Test for Suspended and Dissolved Solids in 
Industrial Water (D 1069 - 49 T) 

Methods of Sampling Industrial Water (D 510 - 
52 T) 

Methods of Sampling Steam (D 1066 - 49 T) 

Test for Chloroform-Extractable Matter in 
Industrial Water (D 1178-51 T) 

Method of Reporting Results of Analysis of 
Industrial Water (D 596 - 49) 


Adopted as Standard: 


Method of Sampling Water from Boilers 
(D 860 - 51 T) 


Adopted as Standard, Revisions in: 


Def. of Terms Relating to Industrial Water 
(D 1129 - 53) 


Accepled for Publication as Information Only: 


Test for Hardness of Industrial Water 

Test for Hydroxide Ion in Industrial Water 

Test for Nitrate Ion in Industrial Water 

Test for Sulfite Ion in Industrial Water 

Test for the Evaluation of the Acute Toxicity of 
Industrial Waste to Fresh Water Fishes 


Announcement was made of the first 
Max Hecht Award, which was made at 
the meeting of Committee D-19. This 
award is presented in recognition of 
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outstanding service to Committee D-19 
on Industrial Water in the advancement 
of its objective—the study of water as 
an engineering material. The award 
was established by the committee in 
1954 in honor of its first chairman, Max 
Hecht, who was the recipient of the first 
award. 


Committee D-21 on Wax 
Related Material: 


Report presented in the absence of the chair- 


man by S. F. Etris, and the following action 
taken: 


Polishes and 


Accepted as Tentative: 


Test for Paraffin-Type Hydrocarbons in Car- 
nauba Wax (D 1342 - 54 T) 
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= the past year three principles 
have governed the actions of your Staff 
Officers and Directors: 

alert progressiveness in 

matters, 

democracy in operation, and 

considered long-range financial plan- 

ning. 

I will not dwell on these matters since 
they are referred to directly or by in- 
ference in the 1954 Report of the Board 
of Directors and reference can be made 
to the report itself by those wishing more 
details. 

Instead, I shall take advantage of the 
opportunity afforded each President to 
make an annual address and discuss an 
unhealthy trend in science which is 
giving much concern, and about which 
we all can, and I hope will, do something. 

What I refer to is the breakdown in 
communications between the various 
sciences and between science and the 
public. 

I say to you—“La scienza é scienza 
solamente quando il primo spazzaturaio 
ti comprende”—and unless you under- 
stand Italian and can surmount my mis- 
pronunciation, this means nothing to 
you. If I translate this old proverb— 
“Science is science only when the first 
streetcleaner understands you’’—you 
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1 Assistant Director, Socony-Vacuum Lab- 
oratories, Socony-Vacuum Oil Co., Ine., 
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know what I’m talking about and you 
also have the text of this address. I 
could call the salad you have just eaten— 
“Lamellar fibrous cellulose impregnated 
with chlorophyll and tumbled with a 
triglyceride-acetic acid emulsion”— 
frankly, I prefer to call it “green salad 
with French dressing.” 

The sciences have become so complex 
and workers in them have built up their 
own vocabularies to such an extent that 
a chemist has difficulty in understanding 
a physicist; the biologist can’t talk to 
the geologist; none of th n can talk 
plainly to the engineer. Sometimes the 
engineer can’t get his ideas across to 
management; and few technical people 
can explain their aims and what they 
have done, to the public. Now the engi- 
neer must put the scientists’ fundamental 
discoveries on the assembly line and 
ultimately the public must pay for it. 
This can be done well and quickly only 
if each has a clear understanding of what 
the other is talking about. 

This breakdown in communications 
retards invention and stifles the fruits of 
it. How does this come about? In this 
way. There are three steps in making an 
invention: first, there is the recognition 
of the problem—some human want to be 
satisfied, some obscure thing to be made 
clear, or relations between things or 
events to be organized into a “law.” 

The second step is fact finding and 
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data collecting. The prospective inventor 
must get all the human experience and 
observation that will assist him in solving 
his problem. In short, he studies the 
technical literature. He must stuff his 
conscious mind to the point of bursting 
with anything that may be remotely 
related to the problem to be solved. Now 
strange as it may seem, he is less likely 
to get an invention from reading the 
literature obviously pertinent to his 
problem. For example, if he wants to 
make an improved steel, he won’t find 
the answer in the technical literature on 
steel; because if it were already there, 
it wouldn’t be new and, hence, would not 
be an invention. Further, a good way to 
get fired is to publish something before 
.it is patented. We see, then, that ideas 
gleaned from nonobvious sources are 
most likely to be new. 

All of this means our prospective in- 
ventor must be able clearly to understand 
what he reads. If the literature is gib- 
berish, understood by only a select few, 
then indeed our prospective inventor has 
a rough road ahead. I used the word 
“gibberish” advisedly because it is de- 
rived from Geber, a famous Arabian 
alchemist who was a master of the 
jargon of his profession. 

We will assume now that our prospec- 
tive inventor has somehow overcome 
the communication difficulties and has 
crammed his conscious mind with a wealth 
of scientific experience. Now all of this 
finds its way into his subconscious mind 
and tosses around there like the bits of 
colored glass in a kaleidoscope. Suddenly 
the pieces click together into a beautiful 
pattern and he has an invention, or a 
solution, or a “law.” There is not much 
that can be done about controlling the 
operation of the subconscious mind; it 
works while you sleep, or play, or do 
most anything except think about the 
problem to be solved. 

There is, however, something we can 
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do about the fact-collecting phase, both 
to help ourselves and others, that is, 
talk plain. 

I don’t want you to think that this 
important conclusion is original with me. 
Many great contemporary scientists 
have written about it. 

Vannevar Bush, addressing the Medi- 
cal Society of the District of Columbia 
last year, warned that over specialization 
and the volume of publication are driving 
groups of scientists to develop their own 
jargon, unintelligible except to the 
initiated, heightening the barriers which 
separate their works from the main 
stream of progress. He said there were 
two concrete things that could be done 
about it. First, scientists could be intel- 
ligible. He said they have a moral 
obligation to express themselves so that 
they can be quickly understood by those 
within their profession or closely related 
professions. Second, «hose who possess 
that unique skill should be encouraged to 
gather, integrate, and interpret the in- 
formation developed by many workers 
so that great masses of seemingly con- 
fused data become clear, intelligible, and 
useful to their fellows. Incidentally, the 
article in Chemical & Engineering News? 
from which the above was abstracted 
was titled—“A Tower of Babel in 
Science?” 

In 1952, Detlev Bronk, who, you will 
recall, was our guest speaker that year 
at our Fiftieth Anniversary meeting, 
told a meeting of the American Associ- 
ation for the Advancement of Science® 
that “universities were doing a grave 
disservice to the future of American 
scientists by not giving them an adequate 


2Vannevar Bush, “A Tower of Babel in 
Science?’"’ Abstract of Speech, Chemical and 
Engineering News, Vol. 31, No. 16, April 20, 
1953, p. 1621. 

’ Detlev Bronk, Address before American 
Association for the Advancement of Science, 
news article in The Baltimore Sun, December 
30, 1952. 
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stimulus to develop appreciation and 
affection for the sharp meaning of the 
right word.” 

Melba Phillips reporting for a group of 
scientists in the magazine Science‘ said: 
“In England, France, and Germany, 
there sprang up in the nineteenth century 
a tradition of the scientist’s obligation to 
interpret his philosophy and his results 
to the nonscientific public to which, in 
the broadest sense, he owed his support. 
At the present, Albert Einstein is an out- 
standing exemplar of this tradition, 
which was notably supported in the past 
by Faraday, Pasteur, Huxley, and 
Poincaré, among others. Most American 
scientists have retreated so far into the 
remote reaches of specialization that 
they have largely forgotten their obliga- 
tion to the public.” 

In a lighter vein, Austin Patterson, in 
Chemical & Engineering News,’ called 
attention to a “honey” from the view- 
point of clarity, namely, the med- 
ical term ‘“cheilognathouranoschisis.” 
Wouldn’t it have been easier to say “a 
hare lip combined with a cleft palate”? 
There are only seven more letters in the 
descriptive phrase than there are in the 
medical term. 

Continuing in a less serious mood you 
might like to hear a joke that was pub- 
lished in Chemical & Engineering News: 

A small businessman wired the Depart- 
ment of Commerce asking if hydrochloric 
acid could be used to clean a certain type 
of boiler tube. The answer came back, 
“Uncertainties of reactive processes make 
the use of hydrochloric acid undesirable 
where alkalinity is involved.” 

“Thanks for the advice,” wrote the 
small businessman. “T’ll start using the 


4Melba Phillips, ‘Danger Confronting 
American Science,”’ Science, Vol. 116, p. 442. 

5 Austin M. Patterson, “Words About 
Words,”” Chemical and Engineering News, 
Vol. 30, No. 48, December 1, 1952, p. 5086. 
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acid tomorrow.” Back from Washington 
came a night letter: “Regrettable 
decision involves uncertainties. Hydro- 
chloric will produce submuriate in- 
validating reactions.” 

“Thanks again,” wrote the small 
businessman. “Glad to know it’s O.K.” 

This time Washington sent an urgent 
straight wire: “Hydrochloric acid will 
eat hell out of your tube.” 

Now folks, that last sentence is what 
I mean by plain talk. 

Mention was made above of that great 
scientist Michael Faraday. Let us note 
an excerpt from his diary. In 1846 he 
wrote, “All I can say is, that I do not 
perceive in any part of space whether (to 
use the common phrase) vacant, or filled 
with matter, anything but forces and the 
lines in which they are exerted.” What 
beautiful plain talk, twenty-nine mono- 
syllables and eight bisyllables. 

If you have not done so, you will find 
it interesting sometime to read the 
Scientific American, a magazine which is 
doing a good job of making scientific 
matters clear to those with only a rela- 
tively elementary scientific background. 
Waldemar Kaempffert in the New York 
Times uses simple language to acquaint 
the general public with progress in 
science. 

The Nobel prize for literature last year 
went to the one who coined these phrases: 

“T have nothing to offer but blood, toil, 
sweat, and tears,” 
and again— 

“Never have so many owed so much 
to so few,” 
and still again— 

“We have not journeyed across the 
centuries, across the oceans, across the 
prairies, because we are made of sugar 
candy.” 

We cannot all be Nobel prize winners, 
or Winston Churchills—there can be only 
one such—but we all can try to talk plain. 
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TO ASTM MEMBERS: 


The summary report of 1953 financial operations is given on p. 37. It is pre- 
sented in this form to give you a quick appreciation of last year’s perform- 
ance of your Society. Comparison is made with 1952 and with 1950. Since the 
Book of Standards is issued every three years, a better appraisal can be had by 
comparing 1953 with 1950, since these are years of larger sales and expendi- 
tures. 

Your attention is directed to the large increases in gross receipts, favorable 
operating balance, and net assets. All of this was accomplished with an ex- 
ceedingly modest increase in the Headquarters’ Staff. This cannot, however, go 
on indefinitely. To handle competently the increasing demands of your Tech- 
nical Committees and to deal with the complexities of our rapidly expanding 
technology, further increases in Headquarters’ Staff may be necessary. 

A portion of the lot acquired in 1950 was sold at favorable terms and the 
proceeds therefrom, augmented by funds from surplus, were used to purchase 
a larger property behind 1916 Race St. A large and substantial building thereon 
is presently undergoing remodeling and will provide for expansion in the 
foreseeable future. 

You will note investments and cash of almost $800,000. To invest these 
monies to the best advantage, an investment committee has been formed to 
advise the Finance Committee. Consideration is being given to plans for 
formula investment. 

Your Officers and Staff are alert to the opening-up of new fields of endeavor 
engendered by our fast expanding technology. New committees are being 
formed to deal with these matters. There is recognition of the importance 
of tremendous Government purchases of materials and the need for a closer 
liaison with Government so that the skills and facilities of ASTM may con- 
tribute more to the public good. 

Operations for the first three months of 1954 were as favorable as those of the 
past year. We trust they will continue so. Should there be an industrial re- 
cession (and we hope there will not be), it would indeed be short-sighted for 
industry to retrench in technology, since an expanding technology is the best 
way to insure a healthy economy. 

The Board of Directors extends to the members, workers on committees, and 
to the Headquarters’ Staff its appreciation for the loyal services and splendid 
cooperation that has made 1953 a successful year. 

Sincerely, 
L. C. BEARD, Jr., 
President. 
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— 7 HIGH LIGHTS, 1953 FINANCIAL OPERATIONS 


% Increase 
1953 1952 1950 
1952 Basis | 1950 Basis 

Gross Receipts: 

Membership Dues................... $233 700 | $226 300 3.3 13.6 | $205 600 

Sales of Publications................. 512 300 338 500 51.0 57.0 326 000 

68 600 83 600 |—17.9 9.8 62 500 

814 600 648 400 25.7 37.1 594 100 
Expenditures 

$237 800 | $211 800 12.3 29.4 $184 250 

ad 323 800 259 800 24.7 39.8 231 000 

159 500 148 400 7.5 49.8 107 150 

721 100 620 000 16.3 37.9 523 200 
Favorable Operating Balance............ $93 500 | $28 400 | 232.0 31.9 $70 900 
Net Assets: 

$244 800 | $184 800 | 32.4 47.3 | $166 300 

Investments and Cash................ 776 950 | 733 900 5.9 46.1 531 500 

an 22 800 22 500 1.32 26.7 18 000 

1 044 550 941 200 11.1 45.9 715 800 
Asset Equity of Each Member.......... $138 $128 7.8 31.4 $105 
Number of Momnbors..........000000c0cee0% 7 581 7 342 3.3 11.5 6 797 
1953 1952 1950 
Number of Employees.................... 60 56 54 
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In the membership and committee and the standardization and research ‘ 

membership of’ the Society are repre- work cutting across the whole field of 
sented a great many talents. It is im- materials, progress must depend upon | 
portant and fortunate that this is the the skills of those who make up the 


case, for with so many diverse activities Society and our technical committees. 
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That continuing progress can be 
noted in this report bears testimony to 
the skills which our large number of 
working members have, and to the fact 
that they are willing to put these to use 
for the benefit of industry and Govern- 
ment and all those concerned with 
materials. As the talents of any in- 
dividual are combined with those of 
another, the fruits become valuable 
and manifold. 

Considering the diversity of our work 
and the fact that one phase may be of 
great importance to one group and other 
activities to others, it is difficult to note 
any developments that are particularly 
outstanding. Progress was made along 
many lines, as will be noted from re- 
views of the annual reports of the 
technical committees, from the news 
articles that appear in the ASTM 
BULLETIN as a result of committee 
meetings and their technical activities 
(the April Buttetin had 18 pages de- 
voted to a review of ASTM Committee 
Week), from the steadily increasing 
number of new specifications and test 
methods, and from publications, par- 
ticularly the special technical publica- 
tions, which continue to be brought out 
in goedly number. 

This report high-lights a number of 
activities and accomplishments of the 
past year. There is reference to our 
healthy financial condition, to the ex- 
tension of our headquarters properties, 
and to many successful meetings. The 
Directors and the Staff have attempted 
consistently to exercise good steward- 
ship; they have had splendid cooperation 
from the many workers in the Society. 


Applications of Materials: 


In last year’s report there was brief 
discussion of the fact that ASTM, fre- 
quently looked on as a standardization 
society or by some as a research organi- 
zation, is essentially both, but truly it 
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should be looked on as a Society for 
materials. Our research work provides 
information and data that frequently is 
basic in developing specifications or test 
methods on a sound foundation—these 
two phases of our work go hand in hand. 
It may be that in our extensive opera- 
tions we have not given sufficient at- 
tention to the applications of materials, 
although usage is an important criterion 
in determining the properties and tests 
which are part of a specification. 

As a result of some discussions in the 
Board and in other Society groups, it is 
felt that more emphasis should be given 
to the applications of materials, and 
steps are being taken to that end. It is 
hoped that our districts will from time 
to time plan technical sessions or even 
symposiums at which applications are 
emphasized. 

This is not to say that usage has been 
overlooked, because one can examine 
almost any symposium or technical 
paper and find pertinent data on sound 
applications of materials, but it is felt 
this phase could be brought more to the 
forefront. This situation has been re- 
viewed by the Board’s Committee on 
Developmental Activities. 

This group also deals with other broad 
problems. Concerning these it is not 
difficult in some instances to high-light 
the problem, but the solution is un- 
certain or of long duration. For example, 
there is concern that we may become a 
group of specialists operating in rela- 
tively narrow materials channels. The 
strength of ASTM does lie in having 
competent groups concerned with specific 
fields, but we must continue to develop 
a broad interest on the part of our mem- 
bers to the end that perhaps the average 
ASTM member will have more of an 
over-all interest in our work as a ma- 
terials society. 

The Developmental Committee has 
made various recommendations to the 
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Board, some of which are being imple- 
mented and others are under study. It 
is hoped that as facets of this program 
are accomplished the work of the Society 
will be even more widely recognized and 
used. 


Headquarters Expansion: 


Some details are given in the financial 
portion of this report, specifically dealing 
with the Building Fund, to the acquisi- 
tion of additional property at the rear 
of the Race St. Headquarters and, con- 
currently, the sale of a portion of the lot 
that was acquired two years ago. This 
move will relieve shortly the crowded 
situation in the current Headquarters’ 
building and provide for future needs 
for some time. The financing was handled 
entirely through the use of Society 
funds, and no appeal is to be made to 
the general membership to underwrite 
this expansion. 


New Awards: 


It will be noted in the discussion of 
Honors and Awards that three awards 
are being made this year for the first 


time. One of these, established by Mrs.. 


F. E. Richart in honor of the late Pro- 
fessor Richart, will recognize outstanding 
contributions in the field of concrete 
and concrete aggregates, the award to 
be made not oftener than once every 


three years. The other two are commit- 


It is estimated that over 6000 techni- 
cal men serve on the many hundreds of 
ASTM technical committees and sub- 
committees. Including subcommittees 
and sections of the more than 80 main 
technical committees, there may be 
1600 to 2000 working groups. These 
figures, together with the fact that there 
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_ and Logan Square. The room was dedi- 


Technical Activities 


tee-sponsored awards in the fields of 
soils for engineering purposes and in- 
dustrial water. 

A new Manual on Special Lectures, 
Honors, and Awards is being issued as a 
result of intensive studies by a committee 
of the Board that is studying and co- 
ordinating these activities. 


Warwick Memorial Room: 


The Board has wished to do honor to 
its former Executive Secretary, C. L. 
Warwick, who was so long associated 
with the Society’s work during its form- 
ative years—first as assistant to the first 
Secretary-Treasurer, Prof. Edgar Mar- 
burg, and subsequently as his successor. 
A committee appointed shortly after 
Mr. Warwick’s death selected as a 
most fitting memorial the designation of 
the present Board Room as the C. L. 
Warwick Memorial Room. This is a 
room in the front of the Headquarters 
Building, overlooking the Parkway 


cated on May 10 with the unveiling of 
a portrait of Mr. Warwick and of a 
bronze plaque commemorating him. Pres- 
ent were Mrs. Warwick and other mem- 
bers of the family, the current officers of 
the Society, some local past officers who 
were close to Mr. Warwick, and the 
Staff. 

A special memorial supplement to the 
ASTM Buttetin has been prepared, 
and this will be sent to each member. 


are over 2000 specifications, test 


methods, definitions, etc., and consider- 
ing the large number of publications 
sponsored by technical committees, 
make one realize the astounding diversity 
and complexity of our technical work. 
Considering this tremendous scope of 
our technical work, it is in one sense 
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surprising there are so few administra- 
tive problems to be handled by the 
Board of Directors’ Committee on Tech- 
nical Activities; yet in another sense, 
considering the loyalty, capabilities, and 
intensive service that the committee 
officers and members devote to our work, 
one might expect that the technical 
operations would run smoothly. 

This portion of the report notes some 
new activities being considered, details 
changes of scope which committees have 
recommended and which have been 
approved by the Board, and cites certain 
other facts of interest in this field. 


Activities—New or Being Studied: 


The Directors are most anxious that 
the Society shall be alert to new fields of 
endeavor where its facilities for research 
and standardization can be of service. At 
its fall meeting the Board discussed 
this matter at some length. There was 
consideration of appointment of a small 
special group to study continuously 
this matter, but the complexities of our 
current industrial activity . with its 
host of problems on materials led the 
Board to feel that no small group could 
really encompass the field. Consequently, 
it stressed the necessity of having three 
groups alerted, namely, the Directors 
themselves coming from different in- 
dustries, the officers of technical and 
administrative committees, and the 
Headquarters’ Staff. The President 
directed a communication to all our 
committee officers, and it is planned 
that a similar note from time to time 
will impress these leading technical 
authorities of the Directors’ desire 
that new problems be brought to our 
attention for consideration. It seemed 
patent to the Board that responsibility 
for alerting the Society must of neces- 
sity be spread, and it is confident that 
the caliber of the men responsible for 
our work provides reasonable assurance 
that those companies in industry with 


materials’ problems will know of ASTM’s 
willingness to serve. Tra 


Through its subgroup on Technical 
Activities the Directors have reviewed 
a number of situations where one or more 
men felt ASTM work would be desirable. 

Gaskels.—Although Committee D-11 
on Rubber and Rubber-Like Materials 
has carried out work in the field of 
gasket materials and, largely on the 
initiative of the Joint Technical Com- 
mittee on Automotive Rubber, has issued 
certain standards relating to cork, 
paper, asbestos as well as rubber, as 
used in the automotive field, there are 
other materials that have not been cov- 
ered, including metallic types. Studies 
have been under way to elicit the re- 
action of other groups interested to 
determine whether a separate committee 
is indicated. 

Flooring Emulsions.—Apparently there 
is need for research and standardization 
work to cover flooring emulsions. Two 
ASTM committees, namely, D-4 on 
Road and Paving Materials and D-8 
on Bituminous Waterproofing and Roof- 
ing Materials, are reviewing this 
problem. It is felt that the work is more 
nearly akin to that being carried on in 
Committee D-4, and this group has 
been asked specifically to consider the 
matter. 

Soil Conditioners.—Announcement has 
been made earlier of the decision to 
undertake work on soil conditioners. 
An organization meeting of a joint 
ASTM-AOAC (Association of Official 
Agricultural Chemists) Committee was 
held on September 3, 1953, at Ohio 
State University. There are to be three 
official representatives of ASTM and 
AOAC to form the nucleus of an execu- 
tive committee. 

Based on recommendations from the 
members, the ASTM Directors have 
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approved the following statement of 
scope for this new joint committee: 


Scope.—The formulation of specifications 
and methods of testing for the alteration 
of physical properties of soil for agricultural 
and engineering purposes; the stimulation 
of research to accomplish the foregoing 
purposes; and the selection of acceptable 
nomenclature. 


There is important work for this 
group to undertake in developing and 
clarifying our knowledge of these ma- 
terials and agreeing on methods of 
evaluating them. 

Miscellaneous.—Other fields where the 
possibility of standardization work has 
been reviewed include rocket mono- 
propellants, where there is a committee 
under Government sponsorship consider- 
ing standard evaluation tests. The 
Society’s officers have been in touch 
with this group and offered our services 
if they can be used appropriately. A 
group interested in vacuum techniques 
has been functioning with committees 
concerned with standards, nomenclature, 
techniques, etc. Again the Society has 
offered its facilities. 

Other subjects that are being con- 
sidered in the ASTM standards program 
include light microscopy, where stand- 
ards apparently would be constructive, 
and thermal shock, where a separate 
committee has been proposed in which 
among other groups Committee C-22 on 
Porcelain Enamel is very much in- 
terested. Committee E-1 on Methods of 
Testing is organizing a subcommittee 
on microscopy and, if the work progresses 
along lines that indicate the need for a 
separate committee, the work can be 
set up as a separate committee. Like- 
wise, Committee E-1 will set up a task 
group to review the problem of thermal 
shock. 

Because several ASTM committees 
would be interested in coated fabric 
test methods, a conference of repre- 
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sentatives of the committees on Electri- 
cal Insulating Materials, Rubber and 
Rubber-Like Materials, Textile Ma- 
terials, and Plastics was held to obtain 
the various viewpoints and recommend 
how the work should be handled. It 
was agreed that Committee D-11 should 
have primary jurisdiction, with the 
cooperation of the other interested 
committees, and the Board has ap- 
proved this disposition. 

Committee D-20 is undertaking an 
extensive expansion of its work and is 
reorganizing some of its subcommittees. 
Five new groups will be appointed to 
cover tests and specifications for thermo- 
plastic materials, thermosetting ma- 
terials, plastic pipe and fittings, re- 
inforced plastics, and plastic films and 
sheeting. 

Discussions have been held with the 
Society of the Plastics Industry in con- 
nection with the work on plastic pipe 
and fittings. It is planned that this 
subcommittee be set up as a joint com- 
mittee to undertake the development of 
tests and specifications for plastic pipe 
and fittings. 


Committee Scopes and Jurisdictions: 
Committee E-4 on Metallography: 


In order that the statement of 
scope may indicate more realistically — 


and specifically the work being carried 

on in Committee. E-4 on Metallography, © 
a revised scope has been approved by | 
the committee and by the Board of 

Directors. The scope will be changed 

from its present form, namely, 


Scope-—Methods and technique of 
amination of all metallic substances by 
optical and electron microscopic methods ~ 
and by X-ray and electron diffraction 
methods; methods and standards of measure- 


ment of grain sizes of and inclusions in 
metals and alloys; methods and a 


mendations for photography as applied to 
metallography; methods of thermal analysis 
of metallic materials; definitions of terms — 
relating to metallography. 
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to read as follows: 


Scope.—Methods, recommended practices, 
and standards for the entire field of metal- 
lography, including: the selection, prepa- 
ration, and manipulation of samples; the 
equipment and techniques for examining 
structure and structural phenomena and 
metallic substances by such means as 
optical and electron microscopy, X-ray and 
electron diffraction, microradiography, 
micro-hardness determinations, thermal an- 
alysis, etc.; and the establishment of 
nomenclature and definitions of terms re- 
lating to metallography. 


Committee C-11 on Gypsum: 

To provide for coverage of aggre- 
gates used with gypsum and gypsum 
products, these materials will be added 
to a revised scope of Committee C-11, 
which now reads as follows: 


Scope.—The formulation of specifications, 
methods of test, and definitions relating to 
gypsum, calcined gypsum, gypsum products, 
and aggregates for use therewith. 


Committee B-4 on Electrical Heating, 
Resistance, and Related Alloys: 

To more adequately describe its 
coverage in the electrical field, Com- 
mittee B-4 revised its title and scope 
as follows: 

Title—Committee B-4 on Metals 
for Electrical Heating, Electrical Re- 
sistance, and Electronic Applications. 

Scope——In general, Committee B-4 has 
jurisdiction over the classification, speci- 
fication requirements, methods of test, 
questions of utility, and related subjects 
pertaining to wrought and cast metallic 
materials and parts for electronic and 
electrical resistance applications, for the 
structure and containers of electric furnaces, 
thermostatic metals and alloys, metallic 
materials for electronic devices and_ in- 
candescent lamps, and for electrical contacts. 

Committee C-15 on Manufactured 
Masonry Units: 

The committee has revised its 
scope to include the field of waterproofing 
materials used in connection with 
masonry walls as well as to express more 
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simply its full coverage. This new scope 
is as follows: 

Scope-—Formulation of specifications, 
methods of tests, and definitions relating 
to masonry units manufactured from clay, 
sand-lime, and concrete; and for water- 


. proofing materials, other than of a bitu- 


minous nature, for unit masonry walls. 
The masonry units shall not include natural 
building stone or slate nor products for use 
as refractories. 


Committee D-6 on Paper and Paper 
Products: 

A condensed and clarified scope of 
Committee D-6 has been approved, as 
follows: 

Scope.—Development of specifications, 
methods of sampling and testing, and defi- 
nitions of terms pertaining to paper and pa- 
per products. 

Committee C-21 on Ceramic White- 
ware: 

In order that this committee may 
include in its studies certain products 
that are similar to ceramic whiteware 
but are not classified as such, for ex- 
ample, stoneware, terra sigillata, iron- 
stone ware, Rockingham ware, basalt 
ware, etc., the phrase “and similar 
products” has been added to the scope 
of this committee, which will now read 
as follows: 

Scope.—The stimulation of research and 
the formulation of definitions, methods of 
tests, and specifications pertaining to ceramic 
whiteware and similar products. 

Dewey Decimal System: 

The suggestion that the Dewey 
Decimal System be adopted in the 
numbering of paragraphs in ASTM 
standards was considered by the Di- 
rectors. The decision was reached that the 
use of this system would not have any 
particular advantage to commend it 
because of the varied nature of ASTM 
standards and that it certainly would 
not justify the heavy cost of having the 
type for our standards reset and the ex- 
penditure of Staff time in re-editing. 
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Regulations Governing Advisory Com- 
mittee on Corrosion: 


In the Regulations Governing the 
Advisory Committee on Corrosion, 
which committee is concerned with the 
coordination of corrosion investigations, 
researches, and test procedures spon- 
sored by the technical committees of 
the Society, there is a provision that the 
committee is to review all reports of 
investigations concerning corrosion. This 
requirement it is felt is impractical and, 
further, that the technical committees 
doing the work and preparing the re- 
ports are in the best position to judge 
their adequacy. Accordingly, on recom- 
mendation from the Advisory Commit- 
tee, there is being deleted from the 
regulations as published in the ASTM 
Year Book Sections 5(d) and 6(d), the 
remaining sections to be renumbered 
accordingly. 


Research Activities: 


There are dozens of research projects 
constantly under way in technical com- 
mittees, and there are others that may 
have been instigated by a committee 
that are receiving wider support. Many 
of these are noted in the report of the 
Administrative Committee on Research, 
with details covered in the reports of 
the respective technical committees 
responsible. One project should be noted 
here, namely, the work on wood poles 
being carried out under the auspices of 
ASTM Committee D-7 on Wood and 
now under way at the Forest Products 
Laboratory. Some 600 full size poles are 
to be tested with thousands of small 
clear specimens. Among the objectives 
are the evaluation of the possibility of 
determining the strength of full size 
poles from smaller specimens and also 
the development of stress data that 
should result in extensive savings from 
the possible use of smaller size poles. 
The two-year project is estimated to 
cost about $150,000, and while this sum 
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has not yet been completely raised, the 
goal is not far off. A number of leading 
trade and technical groups and in- 
dustrial companies are cooperating. 


Manual for ASTM Committee Officers: 


There has been under development a 
Manual for Committee Officers. The 
Staff has devoted considerable time and 
effort to this, and copies have been 
distributed to the chairmen and secre- 
taries of the main technical committees 
for comment. This is intended to provide 
in reasonably compact form information 
on a host of responsibilities and problems 
which committee officers must handle. 
It covers many points not listed in the 
printed Regulations Governing Techni- 
cal Committees as shown in the Year 
Book. When approved it is expected the 
Manual will be published and made 
available on request. 


50-Year Anniversaries: 


Several of the Society’s technical com- 
mittees were established in 1904. Of 
these, Committee D-2 is planning a 
suitable celebration later in the year. 
Committee D-4 held appropriate cere- 
monies at its meeting during ASTM 
Committee Week in Washington. These 
committees, the largest in this group, 
have made outstanding contributions 
to the fields covered and are to be con- 
gratulated on their record. The work of 
Committee D-4 is recognized through- 
out the highway field. The Petroleum 
Committee has a very large number of 
technical men in the industry working 
on its myriad technical committees, 
divisions, and subcommittees. In addi- 
tion to over 175 widely used standards, 
the committee has sponsored the publi- 
cation of many important books. A 
summary of some of the recent D-2 
sponsored publications will appear in a 
forthcoming issue of the ASTM BUuLte- 
TIN. 
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ASTM MEETINGS, JUNE 1953-JUNE 1954, INCLUSIVE. 


Meeting 


Place and Date 


Notes 


Annual Meeting 


Atlantic City, N. J. 
Chalfonte-Haddon Hall 
June 28-July 3, 1953 


34 Technical Sessions; 550 Committee Meetings; 62 New 
Tentatives Approv 
(Registered Attendance 2470—445 Ladies) 


ASTM Committee 
Week 


Washington, D. C. 
Shoreham Hotel 
February 1-5, 1954 


427 Committee Meetings 
(Registered 1400) 


Spring Meeting 


D. C. 
horeham Hotel 
3, 1954 


Symposium on Design of Experiments. 

Symposium on Color of Translucent Products. 

Dinner: “Standardization in the Department of Defense,” 
Charles S. Thomas. 


District or Local 


(sponsored b; 
Councils indi. 
cat 


Philadelphia, Pa. 


Joint meeting with fetetsiphte Section, National Associa- 


Institute tion of Corrosion Bagines 
September 18, 1953 “Copper and Copper loys,” C. L. Bulow. 
Cambridge, Mass. “The Romance of Trace Chemistry,” Dr. John Sterner. 
(New England) 
Commander Hotel 
October 8, 1953 
St. Louis, Mo. Joint meetin: be St. Louis Chapter, American Society for 
Engimeers’ Clu’ Metals, an Pageews’ Club of St. Louis. 
October 15, 1953 “Silicon Steel,” William Jones. 
New York, N, Y. President’s Night: ‘Something Has Been Added,”’ President 
Engineering Societies Bidg. L. C. Beard, Jr.* 
October 20, 1953 
Esghauh. Po Joint meeting with Pittsburgh Section, Society of Automo- 
Mellon Institute 


October 27, 1953 


tive Engineers. 
“Something Has Been Added,” President L. C. Beard, Jr.* 


Indianapolis, Ind. 
alley) 

cClarney’s Famous Restaurant 
ae 6, 1953 


Joint meeting with Indianapolis Chapter, American So- 
ciety of Lubrication per eers. 
“Something Has Been Added,” President L. C. Beard, Jr.” 


Berkeley, Calif. 
(Northern California) | 
University of California 
November 12, 1953 


Joint page| with California Section, American Chemical 
Societ; Northern California Section, American Insti- 
tute ‘Chemical Engineers. 

“An Excursion in Petroleum Chemistry,” F. D. Rossini.” 


Los Angeles, Calif. 
(Southern California) 
Rodger Young Auditorium 
November 13, 1953 


Joint meeting with Southern California Section, American 
Chemical 
“An Excursion in Petroleum Chemistry,” F. D. Rossini.® 


Houston, Tex. 
(Southwest) 
University of Houston 
November 20, 1953 


Joint meeting with Southern Texas Section, American Chem- 
ical Society; South Texas Section, American Institute of 
Chemical ngineers; and Southern Texas Section, Ameri- 
can Society for uality Control. 

“An Excursion in Petroleum Chemistry,” F. D. Rossini.® 


New York, N. Y. 

Consolidated Edison Co. of New 
York, Inc., Auditorium 

November 1 18, 1953 


Joint meeting with New York Section, American Society of 
Lubrication Engineers. 

“Rust Prevention Practices in Manufacturing Operations,” 
C. R. Gillette. 


Philadelphia, Pa. 
Franklin Institute 
January 27, 1954 


“Non-Destructive Testing,” S. A. Wenk. 
“A Day With the D.A.,” Marvin R. Halbert. 


Buffalo, N. Y President’s Night: ‘“‘Something Has Been Added,’’ President 
(Western New York-Ontario) L. C. Beard, Jr.* 

Hotel Westbrook 

February 10, 1954 

St. Louis, Mo. “Something Has Been Added,” President L. C. Beard, Jr.* 


Forest Park Hotel 
February 12, 1954 


Dallas, Tex. 
(Southwest) 
Amon Carter Airport 
February 15, 1954 


“Something Has Been Added,” President L. C. Be ard, Jr.* 


Houston, Tex. 
Southwest) 
niversity of Houston 
February 17, 1954 


“Something Has Been Added,” President L. C. Beard, Jr.* 
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ASTM MEETINGS, JUNE 1953-JUNE 1954, INCLUSIVE—Continued. 


Meeting Place and Date Notes 
Alhambra, Calif. oint meeting with Sou Senthern ms Section, Am 
(Southern California) Institute of Chemical Engi 


C. F. Braun & Co. 
February 23, 1954 


“Something Has Been Added,’ ” President L. C. Beard, Jr.* 


5 Berkeley, Calif. 
(Northern California) 
University of California 
February 25, 1954 


Joint meeting a California Section, American Chemical 
and N. Section, American Insti- 
tute of Chemical Enginee: 

“Something Has Been ‘Added, ” President L. C. Beard, Jr.* 


Richland, Wash. 
Cafeteria of Chief Joseph High 


School 
March 2, 1954 


Joint meeting with Columbia Basin Chapter, American So- 
ciety for Metals; Columbia Basin Section, American Society 
of Mechanical Engineers; ( Columbia Basin Section, Amer- 
ican Institute of Chemical — and Richland Sec- 
«tions American Chemical Societ 

‘Something Has Been Added,” Prceident L. C. Beard, Jr.* 


Engineers’ Club 
April 14, 1954 


Tacoma, Wash. J iat, meeting with Tacoma Engineers Club; American Chem- 

New Yorker Cafe zand Institute of Chemical Engineers. 

March 4, “Something Been Added,’’ President L. C. Beard, Jr.* 
Wilmington, D Joint meeting with Delaware Section, American Chemical 

(Philadel vet Society. 

Hotel duPont “Something Has Been Added,” President L. C. Beard, Jr.* 

March 17, 1954 

Detroit, Mich. “Something Has Been Added,” President L. C. Beard, J 

Horace H. Rackham Educational | “Standardization and Materials Research March On,” al 
Memorial tive Secretary R. J. Painter. 

March 31, 1954 

St. Louis, Mo. “Non-Destructive Testing,” S. A. Wenk. 


New York, N. Y. 
Fraunces Tavern 
April 13, 1954 


Joint meeting with Metropolitan District, Empire State 
fection, Technical Association of the Bulp and Paper 
ndustry. 

“toons Paper for High Tension Cables,” William A. 

el Mar. 

“Voices in Paper,” film. 


Storrs, Conn. 

(New England) 

April 22, 1 


“tom Highlights of Petroleum Technology,” President 
C. Beard, 


«By-Products of "Barthquakes,” Rev. Daniel Linehan, S.J. 
ent of Strains in Steel in Reinforced 
Concrete,’”’ Lyle K. Moulto: 


* President Beard’s talk, various versions of which were presented at District Meetings, was published in ASTM 


BULLETIN, No. 198, May, 1954, p. 51 (TP 97). 
The address by F. D. Ri 


ossini was a condensed version of his 1953 


ar Marburg Lecture, “An in Pe- 


troleum Chemistry, “Proceedings, Am. Soc. Testing Mats., Vol. 53, p. 545 (1953); also issued separately. 


District and Related Activities 


During the year the activities of the 
various districts have continued to 
occupy an important place in advancing 
the work of the Society. Although these 
efforts largely are concentrated on local 
meetings, nevertheless the district coun- 
cils in Washington, Chicago, and on the 
West Coast are cooperating in national 
meetings. 

From the accompanying table it will 
be noted there was a total of 25 meetings 
held under district or related auspices. 
In three areas, Indianapolis, Dallas, and 
Tacoma-Seattle, our members were to- 
gether locally for the first time. Some of 


the meetings were marked by excellent 
attendance, as indicated in the table. 

President Beard, continuing the prac- 
tice established by preceding presidents, 
was the chief speaker at many of the 
district meetings, including those noted 
above that were held for the first time. 

The latest district established last 
year in the Southwest has had an active 
year and is planning to stimulate further 
active interest in the Society work in 
this important area. 

Concerning national meetings, the 
Washington District arranged the dinner 
meeting and social hour during Com- 
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mittee Week in February, where there 
were present leaders in Government 
standardization work. The Chicago 
District Council provided the nucleus 
for the Committee on Arrangements for 
the 1954 Annual Meeting and is sponsor- 
ing a special session on the philosophy 
of specifications. 


Looking ahead to 1956 there is being 
organized a General Committee on Ar- 
rangements for the Society’s Second 
Pacific Area Meeting in which both 
the Southern and Northern California 
District Councils are participating ac- 
tively. This meeting will be in Los 
Angeles. 


National Meetings 


The Society’s 56th Annual Meeting 
held June 28-July 3, in Atlantic City, 
N. J., was attended by almost 3000 
members, committee members, and 
visitors, including about 450 ladies. 
Actual registration for the week for the 
men was 2470. To provide adequate 
time for the presentation of the some 
131 technical papers and various reports, 
34 technical sessions were held, including 
seven evening sessions. There were 
about 550 technical committee meetings. 
Outstanding features of the meeting, 
including the various awards that were 
made and some of the outstanding tech- 
nical accomplishments, have been re- 
corded in issues of the ASTM BuLietiIn 
and in the Summary of Proceedings 
distributed to all members. 

The Philadelphia District arranged a 
very interesting program for the ladies 
throughout the week and also sponsored 
the annual dinner with its entertainment 
and dance. 

The 1954 ASTM Committee Week 
and Spring Meeting were held consider- 
ably earlier than usual, in line with the 
decision reached after consulting with the 
technical committees that a meeting in 
very early February would be more 
convenient and practical. This meeting 
was held in Washington during -the 
week of February 1. While total registra- 
tion depends upon the committees par- 
ticipating, the attendance was the 
largest of any committee week yet held— 
some 1400—and there were over 400 
committee meetings. Two symposiums 


were held as part of the Spring Meeting— 
one on Design of Experiments and the 
other on Color of Transparent, Trans- 
lucent Products. 

The Washington District took ad- 
vantage of the occasion to sponsor a 
special dinner at which there were 
present as guests of the Society a number 
of Government leaders concerned with 
standardization and materials activities. 
The feature address of the evening, a 
very pertinent one because of the em- 
phasis on standards activities, was made 
by Mr. Charles S. Thomas, then As- 
sistant Secretary of Defense, Logistics 
and Supply, but appointed subsequently 
as Secretary of the Navy. This address 
was published in the April BULLETIN. 


Fulure Meetings: 


The 1955 Annual Meeting will be held 
in Atlantic City, June 26-July 1, and 
the 1956 Annual Meeting, again at 
Haddon Hall, will be earlier in the 
month—June 17-22. An effort is made 
in scheduling these meetings to avoid 
conflicts with other societies whose 
members are concerned with our work, 
but it is not possible to avoid all of them 
since quite a number have annual or 
summer meetings in June. 

The 1955 Committee Week and 
Spring Meeting will be in Cincinnati, 
Ohio, January 31—-February 4. The 1956 
Committee Week is scheduled for Buf- 
falo the last week in February, to avoid 
weather conditions that might prevail 
there earlier in the month. 
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1956 Pacific Area Meeting: 


The General Committee on Arrange- 
ments for the Society’s Second Pacific 
Area National Meeting to be held in 
Los Angeles, September 16-22, 1956, is 
making plans for various events. The 
officers of the committee, which include 
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representatives of both the Southern 
and Northern California District Coun- 
cils, met earlier -this year when the 
President and Executive Secretary were 
on the West Coast. At that time sub- 
committee officers were selected, and the 
personnel of the groups is to be completed 
soon. 


Publications 


In order that maximum benefits shall 
come from the intensive research and 
standardization activities of the Society, 
it is essential that the standards and 
the technical papers and reports con- 
taining the data be widely disseminated. 
The inventory records of our publica- 
tions and the statistics on proceeds from 
the sale of our books indicate that they 
have been very widely distributed. This 
applies alike to the books containing 
standards—for example, the 1953 Sup- 
plement to the Book of Standards— 
the special compilations of standards of 
which there are an increasing number, 
and the special technical publications 
and miscellaneous books. 

The attached report of the Adminis- 
trative Committee on Papers and 
Publications (see Appendix IV) lists all 
of the publications issued and gives 
some indication of the volume of material 


published. While the current records 
are not so impressive as the 1952 figures 
because that year included the new 
edition of the Book of Standards, 
nevertheless it will be noted that they 
aggregate over 8000 pages. Many 
significant special technical publications, 
largely ‘sponsored by technical com- 
mittees, have been issuec. These books 
and pamphlets are the more authorita- 
tive because the papers have been re- 
viewed by one or more other authorities 
in the field, and the authors are given 
the opportunity of a last-minute review 
of proofs to ensure both accuracy and 
the inclusion of the latest material. 

An effort is made to keep members 
fully posted on new and revised publica- 
tions through brief discussions that ap- 
pear in the ASTM Buttetin, and 
members and others receive through the 
mail notices covering our publications. 


Membership 


On May 1, 1954, the membership of 
the Society totaled 7615, compared 
with a total of 7522 one year ago. 


Gains and losses: in various classes of 
membership are shown in the following 
table: 


Membership Losses Additions Total 
woe 
a June 1, | May 1, | Resig- Trans- | Trans- | Elec- : In- 
1953'| 1954” |nations Dropped) Death fer fer tion Loss Gain crease 
Honorary........... 20 20 2 2 2 2 
Sustaining. ......... 270 274 2 one inch 1 6 1 3 7 4 
Company, Firm, etc..| 1784 1788 49 15 eee 15 7 76 79 83 4 
Individual, ae $333 5433 216 101 | 40 9 36 430 366 466 100 
ESRI 104 89 7 10 snk 27 1 28 44 29 15° 
rasa witinainie | 7522 7615 274 126 | 42 52 52 535 494 587 93 
| 323 | 359 | 22 | 1% | | | | 245 | 209 | 245 36 
Net loss. 
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It will be noted that 535 new members 
were elected during the 11-month period, 
compared with 674 for the preceding 
(full) year. Because of the shorter period 
covered in this 1954 report (due to 
earlier scheduling of the Annual Meet- 
ing), it is difficult to offer significant 
comments and, of course, a true com- 
parison cannot be made. It is hoped 
that the rather heavy losses from resig- 
nations, delinquencies, and deaths (total- 
ing 442 over the past 11 months, com- 
pared with 402 the previous year) may 
be offset by consistent accretions during 
the remainder of the 1954 fiscal year. 

It is interesting to compare our present 
membership of 7615 with the figures for 
ten and twenty years ago; in 1944 our 
total membership was 5257, and in 1934 
it was 3569. A true comparison would, 
of course, need to consider the relative 
percentages of sustaining, company, 
and individual memberships. Neverthe- 
less, the steady growth in the total 
membership is encouraging. 


Sustaining Members: 


There have been seven new sustaining 
members, two resignations, and one 
sustaining member transferred to com- 
pany class. The new sustaining members 


are: 


Diamond Alkali Co. 

Durez Plastics and Chemicals, Inc. 

Globe Steel Tubes Co. . 
Lock Joint Pipe Co. 

Riley Stoker Corp. | 


Southern California Edison Co. 


Supply Co. 
50-Year Members: 


There are nine individuals and com- 
panies as noted below that have been 
connected with the Society continuously 


for 50 years, having joined in 1904. 


Robert A. Cummings 
Alfred E. Roberts 
Herbert L. Sherman 
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Spang-Chalfant, Division of The National 


Frank N. Speller 

Dominion Bridge Co., Ltd. 
Froehling & Robertson, Inc. ; 
Illinois Central Railroad Co. : 
Tufts College Engineering School 
Westinghouse Electric Corp. 


These members will be recognized at 


the Annual Meeting. —_ 


40-Year Members: 


There is a total of 22 members who 
this year have completed 40 years of 
membership, which brings the total 
number of certificates issued to the 
“Forty-Year Club” to 273. The mem- 
bers who will receive the 40-Year Cer- 
tificates at this Annua! Meeting are as 
follows: 


American Institute of Architects, Depart- 
ment of Education and Research 

Benjamin A. Anderton 

A. M. Byers Co. 

C. H. Crawford 

Detroit Steel Corp., Portsmouth Division 

Arno C. Fieldner 

Harrison F. Gonnerman 

The Goodyear Tire and Rubber Co. 

Grand Rapids Plaster Co. 

L. C. Hewitt 

A. L. Kuehn 

Mason City Brick and Tile Co. 

H. S. Mattimore 

University of Minnesota Library q 

Norton Co. 

The Okonite Co. | 

Republic Steel Corp. 

The Riverside Metal Co. 

Leland S. Rosener 


SKF Industries, Inc. m* ges 
Underwriters’ Laboratories, Inc. 
Albert E. White — 
Deaths: 


The Society has lost the following 
42 members through death (figures in 
parentheses are dates of membership): 


Bienfait, J. L. (1946) 
Brandeberry, John B. (1945) 
Burgess, C. O. (1949) 
Clayden, A. Ludlow (1924) 
Demarest, W. G. (1939) 
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Diskant, Eugene M. (1951) 


Howard, Ernest E. (1927) ra 
Huber, Charles J. (1942) 
Hughes, Ben H. (1950) 


Jeffers, Paul E. (1945) 
*Jones, L. B. (1937) 
Judson, Dwight Rist (1919) porns 


Ketchbaw, Thomas D. (1941) 
Knickerbocker, C. J. (1940) f 
*Lawson, Thomas R. (1909) 


MacLaren, F. H. (1951) Lid 4 
Mantz, Victor M. (1941) 
Mark, Francis L. (1945) 


McGervey, William P. (1952) 
Miller, George W. (1951) 2 
Mundt, Herbert W. (1940) i 
Paine, J. J. (1922) sty ost 
Powell, Nelson M. (1924) 
Sanford, Edward R. (1948) 


Sedwick, T. D. (1916) my 
Segal, David (1938) 

Sheehan, John P. (1949) ithe 


Steigerwalt, Robert W. (1919) 
Stewart, Clifford Richard (1932) 

Tolson, O. T. (1946) 

Tuscany, Arthur J. (1935) 

Varela, Oscar Rey (1953) _ 
Wait, Bertrand H. (1931) 

Whelan, John E. (1947) 

White, Alfred H. (1909) eaten 
White, Lazarus (1937) _ 
Wright, Calvert C. (1949) 


* Honorary Member. 


In addition to the above, the following 
representatives of company members of 
the Society passed away: 


Cole Coolidge, E. I. du Pont de Nemours and 
Co., Inc. 

S. G. Flagg, Stanley G. Flagg and Co., Inc. 

Allan M. Hirst, Lock Joint Pipe Co. 

A. C. Jessup, Magnesium Elektron, Ltd. 

A. A. Klein, Norton Co. 

J. M. Matson, National Institute of Dryclean- 

ing 

L. W. Mesta, Mesta Machine Co. 

R. A. Moncrieff, Charles T. Main, Inc. 

Ezra Mosher, National Motor Bearing Co., 
Inc. 

R. W. Parsons, The Ohio Brass Co. 


H. G. Swan, Symington-Gould Corp. eo 
Leo L. Vasold, Electric Auto-Lite Co. a 
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A number of these men have been 


Ericson, Harry L. (1950) weyeri affiliated with the Society for many 
Hall, John Howe (1910) 

Hamilton, Chester B., Jr. (1937) years and rendered outstanding services, 
Heydegger, Helmut (1948) particularly through work on the tech- 
Hilts, Harold E. (1914) Yaak nical committees. The notable work and 


meritorious service of two of the men, 
Lloyd B. Jones and Thomas R. Lawson, 
had been recognized through election 
to Honorary Membership in the So- 
ciety. Professor Lawson, engineering 
consultant and retired Head of the 
Department of Civil Engineering, Rens- 
selaer Polytechnic Inst., was a Past- 
President of the Society and a valued 
contributor to the work of former Com- 
mittee C-3 on Brick, which he headed 
for eight years, and also to activities in 
Committee C-15 on Manufactured Ma- 
sonry Units. Mr. Jones, retired Engineer 
of Tests, Pennsylvania Railroad Co., 
and consulting engineer, was honored 
posthumously at the 1953 Annual 
Meeting for important contributions in 
both administrative and technical phases 
of the work. A Past-Director, he had 
been chairman of the Administrative 
Committee on Standards for several 
years and also had served on the Com- 
mittee on Simulated Service Testing. 
An expert on materials used in the rail- 
roads field, Mr. Jones’ most intensive 
technical work was concentrated in 
Committee A-1 on Steel. 

Charles O. Burgess, internationally 
known metallurgist and Technical Di- 
rector, Gray Iron Founders’ Society, 
had been especially active in Commit- 
tees A-3 on Cast Iron and A-7 on Mal- 
leable-Iron Castings, serving as Secre- 
tary of the former and Chairman of the 
latter for periods of several years. He 
was Vice-Chairman of the Cleveland 
District Council at the time of his 
death. W. G. Demarest, Manager, Clay 
Products Assn. of the Southwest, had 
participated actively in the Committee 
on Manufactured Masonry Units, serv- 
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ing as Chairman of the Subcommittee 
on Structural Clay Tile. John Howe 
Hall, outstanding authority in metal- 
lurgical engineering and steel foundry 
practice and pioneer in the heat treat- 
ment of steel, rendered valued service in 
committees concerned with ferrous ma- 
terials, metallography, and non-destruc- 
tive testing. Paul E. Jeffers, prominent 
structural engineer, had been active in 
the organizational work of the Southern 
California District, serving as Chairman 
from 1931-1934. 

John J. Paine, of the Bureau of Tests, 
Pittsburgh Department of Public Works, 
served for many years on the commit- 
tees concerned with concrete and road 
and paving materials; he also was an 
officer of the Pittsburgh District. R. W. 
‘Steigerwalt, retired Metallurgical Ad- 

_viser, Railroad Materials and Com- 
a Forgings, United States Steel 
Corp., had been elected to honorary 
membership in Committee A-1 on Steel 


- in recognition of valued contributions 
ie c to the projects of that group, especially 


Announcement was made last year of 
a new Board committee on Lectures and 
Awards. This group was charged with 
coordinating the various awards and 
honors that are made in behalf of the 
Society, reviewing recommendations 
from the committees on selection of 
lecturers, and in general serving as an 
arm of the Board in seeing that the pro- 
cedures are consistent. The committee 
has already made several recommenda- 
tions to the Board to simplify mechanics 
of selecting winners of awards made for 
outstanding papers; shortly it will issue 
a Manual on Special Lectures, Honors, 
and Awards which should be of real 
service to the various committees who 
must make selections and in fact to all 


in activities concerned with steel forgings 
and rolled steel wheels. 

Arthur J. Tuscany, consultant on as- 
sociation management, had been very 
active for many years in the Cleveland 
District Council, serving terms as Secre- 
tary (1934-1940) and as Chairman 
(1940-1950). A. H. White, Professor 
Emeritus of Chemical Engineering, 
University of Michigan, and pioneer in 
the introduction of the science of chemi- 
cal engineering to the manufacture of 
gas and coke from coal, had been active 
in the work of Committees D-5 on Coal 
and Coke and D-19 on Industrial 
Water. 

A. A. Klein of the Norton Co., a 
leading scientist in the abrasive industry, 
participated for many years in the work 
of Committee B-8 on Electrodeposited 
Metallic Coatings and had been an 
important contributor to the activities 
of Committee E-1 on Methods of Test- 
ing, serving as Chairman of the Sub- 
committee on Sieves. He also had ren- 
dered valued aid in activities of the New 
England District. 


Honors and Awards 


who are interested in this phase of the 
Society’s operations. 

While the general purpose of all the 
various awards, including the three new 
ones that are instituted this year, is to 
recognize leaders in special fields, each 
of them tends to stimulate interest in 
the particular work being recognized. 

The Board has continued recognition 
for outstanding service through the 
selection of members to receive the 
Award of Merit. Various awards and 
medals are also given to recognize out- 
standing papers and to foster research 
in certain special fields. 

New Awards.—As indicated three 
awards are being given this year for the 
first time. One of them, the Frank E. 
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Richart Award, commemorates the late 
Professor Richart who did outstanding 
work in the field of concrete and con- 
crete aggregates. The other two are 
committee-sponsored awards in the 
fields of soils for engineering purposes 
(Committee D-18) and industrial water. 
(Committee D-19). 


Award of Merit: 


The Award of Merit Committee for 
1954, comprising A. T. Goldbeck, chair- 
man, H. L. Maxwell, D. C. Scott, Jr., 
C. R. Stock, and H. W. Stuart, reviewed 
suggestions and citations from various 
technical committees and nominated 
eleven members who by unanimous ac- 
tion of the Board were voted the 1954 
Awards of Merit. Each one has con- 
tributed in an important way to the 
work of the Society. Award of Merit 
certificates will be presented during this 
Annual Meeting to the following: 

Harvey A. Anderson 

Benjamin A. Anderton 

James Aston 

Robert F. Field 

Oliver M. Hayden 

Earl F. Kelley 

Gordon M. Kline 

Stewart S. Kurtz, Jr. | 

Ernest E. Thum 

Sam Tour 


Herbert L. Whittemore we 


Recognition of Technical Papers: x 


The following awards will be made at 
this Annual Meeting in recognition of 
outstanding technical papers: 

Charles B. Dudley Medal—presented 
for a paper of outstanding merit con- 
stituting an original contribution on 
research in engineering materials. Medals 
this year will be presented to C. E. 
Work and T. J. Dolan of the University 
of Illinois for their paper on “The In- 
fluence of Strain-Rate and Temperature 
on the Strength and Ductility of Mild 
Steel in Torsion.” 

Richard L. Templin Award—pre- 


sented for a paper describing new testing 
methods and apparatus, the purpose of 
the award being to stimulate research 
in the development of testing methods 
and apparatus. This year the award will 
be made to E. T. Wessel and R. D. 
Olleman of Westinghouse Corp. for 
their paper entitled “Apparatus for 
Tension Testing at Subatmospheric 
Temperatures.” 

Sam Tour Award—presented for a 
paper describing new and useful testing 
procedures, apparatus, or new and useful 
evaluation of previously developed cor- 
rosion testing methods, the purpose of 
the award being to encourage research 
on the improvement and evaluation of 
corrosion testing methods and to stimu- 
late the preparation of technical papers 
in this field. This year the award will 
be made to John T. Richards of Penn 
Precision Products (formerly with The 
Beryllium Corp.), for his paper entitled 
“The Corrosion of Beryllium Copper 
Strip in Sea Water and Marine Atmos- 
pheres.” 

Sanford E. Thompson Award—pre- 
sented for a paper of outstanding merit 


in the field of concrete and concrete — 


aggregates. The committee is making 
no recommendation for an award this 
year. 

C. A. Hogentogler Award—presented 
for a paper of outstanding merit on soils 
for engineering purposes. This award 
was established in 1954 by Committee 
D-18 on Soils for Engineering Purposes 
in honor of its first chairman, C. A. 
Hogentogler, and it is expected the first 
award will be made this year. 


Recognition of Outstanding Contributions: 


The Harold DeWitt Smith -Me- 
morial Medal—presented for outstanding 
achievement in the field of textile fiber 
science and utilization. The medal 
this year was awarded to A. G. Ashcroft, 
Vice-President of Research and Develop- 
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_ ment, Carpet Division, Alexander Smith, 
Inc., at the March meeting of Com- 
mittee D-13 on Textile Materials. 
Frank E. Richart Award—presented 
to recognize outstanding contributions 
“made in the field of concrete and con- 
crete aggregates. This award was 
_ established in 1954 by the Board through 
a gift from Mrs. F. E. Richart, to honor 
and perpetuate the memory of her late 
husband, a long-time member of the 
Society, a member and officer of various 
technical committees, a Vice-President, 
and Honorary Member of the Society. 


It is to be given not oftener than once 
every three years. The first award will 
be made to Albert T. Goldbeck, Na- 
tional Crushed Stone Assn. 

Max Hecht Award—presented in recog- 
nition of outstanding service to Com- 
mittee D-19 on Industrial Water in the 
advancement of its objective—the study 
of water as an engineering material. 
The award was established by the com- 
mittee in 1954 in honor of its first chair- 
man, Max Hecht, who is to be the re- 
cipient of the first award. 


Finances 


Report for the Fiscal Year of 1953: 


The annual statement of the finances 
of the Society is presented in the form 
of the report of the auditors for the 
fiscal year 1953, which appears in 
Appendix I. The report gives the balance 
sheet of assets and liabilities, including 
- general funds, building fund, and other 

special and designated funds; a state- 
ment of receipts and disbursements 
classified into “operating” (budgeted) 
and “nonoperating”; details of the 
_ building fund and of special funds; and 
investments of Society funds. 

Operating Receipts: 
Total operating receipts were $814,640. 
Of this amount receipts from dues and 
entrance fees were $233,705 or 28.7 per 
cent; receipts from sales of publications 
were $512,262 or 62.9 per cent; and 
receipts from miscellaneous sources 
consisting principally of advertising, 
income from investments, and registra- 
tion fees totaled $68,673 or 8.4 per cent. 
With publication sales at such a high 
figure largely because of the demand 
for the 1952 Book of Standards, the 
ratio of income is changed considerably 
from previous years; whereas income 
from dues has normally been well above 
30 per cent, this year it is 28.7 per cent 


as indicated. We had confidently ex- 
pected income from the 1952 Book of 
Standards to reach at least $180,000 
and it was actually about $233,000. 
Other large items were sales of special 
compilations of standards and special 
and miscellaneous publications including 
the Special Technical Publication series, 
the latter accounting for almost $93,000. 


Operating Disbursements: 


Total disbursements for the year are 
shown as $721,123 which includes 
$60,000 earmarked but not spent for 
the 1955 Book of Standards. While 
several major items were under the 
budget, our publication costs exceeded 
our estimates, particularly special and 
miscellaneous publications. This esti- 
mate is likely to vary depending on the 
number of symposiums held, the dates of 
completion, and the volume of the 
numerous STP’s and related items. Two 
items particularly sent publication costs 
over the figure budgeted, namely, the 
ASTM-British Petroleum Measurement 
Tables and the newly-set and fairly 
expensive grouping of Spectrographic 
Standards. Total cost of special and 
miscellaneous publications was about 
$75,000, but our income from these 
sources was almost $93,000. The Year 
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Book continues to cost us close to $13,000 
for the 7400 copies printed, but this is 
considered a very valuable publication 
for our members. Including the $60,000 
earmarked but not spent as a reserve for 
the 1955 Book of Standards, our total 
publication costs were almost $324,000, 
about 49 per cent of all disbursements. 

Total salaries, $237,761, were about 
$10,500 under the budget. Total re- 
tirement, insurance, and health expenses 
were over the budget somewhat because 
of the added cost of the Blue Cross and 
Group Life Insurance instituted by the 
Directors for the Staff during the year. 
Salaries accounted for about 36 per cent 
of disbursements, which compares with 
ratios for previous years of about 35 
per cent. 

With greatly increased sales of publi- 
cations and higher rates for parcel post, 
the total general office expenses were 
over the budget by about $8000. (For 
1954 we have $35,000 included for 
postage and expressage, a sizable sum.) 


Summary of 1953 Operations: 


Comparing operating receipts with 
disbursements, there was a favorable 
balance of $93,517. While this is very 
encouraging, it should be remembered 
that our budgetary operations really 
need to be considered over a three-year 
period corresponding to the Book of 
Standards years. The heavy demand for 
this book immediately after publication 
usually results in a very favorable year 
with the two ensuing years likely to 
reflect lessened demand for the book, 
and as noted in the discussion of our 
1954 budget, a deficit is anticipated for 
the current year. 

Because of the uncertainty of current 
operations, it was decided to allocate 
directly to the Society’s general surplus 
the 1953 favorable operating balance 
so that it can be drawn on conveniently. 
This means that the Society’s surplus 
in General Funds at the end of 1953 
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totals $348,604, which is just over half 
of the actual disbursements for 1953. 
Corresponding figures for the surplus for 
the preceding two years are $265,824 
and $259,063 respectively. 

Balance Sheet.—The appended audi- 
tors’ report includes a balance sheet of 
assets and liabilities as of December 11, 
1953. Assets in the General Funds totaled 
$612,858 compared to $568,558 a year 
ago. Total assets including the Building 
Fund and Special and Designated Funds 
are $1,195,404 compared to $1,004,217 a 
year ago. It should be pointed out that 
in the Balance Sheet no account has been 
taken of the assets of the Society in 
the form of publications in stock. This is 
consistent with many years’ practice in 
this respect and, of course, results in a 
more conservative statement. An in- 
ventory of the principal technical publi- 
cations as of April 26, 1954, is sum- 
marized below: 


Proceedings (All back copies not incl. 1953)..... 2 227 
1952 Book of ASTM Standards 


2 530 
2 879 


ASTM Methods of Chemical Analysis........... 1 331 
Special Compilations of Standards............... 14 147 
Selected Standards for Students................. 14 945 
Symposiums and Special Reprints............... 130 827 
Reprints of Standards (Approx.)................ 215 000 
Radiographic Standards for Aluminum and Mag- 


Not included in inventory 

(1) Viscosity Temperature Charts 

(2) Hardenabilit 

(3) Knock Test Manual and Supplement 

(4) Marburg Lectures 

(5) Cotton Yarn Boards 

(6) Petroleum Charts 

ASTM Building Fund.—Although 

the auditors’ report contains a statement 
of receipts and disbursements and the 
Balance Sheet for the ASTM Building 
Fund which this year is offered in a 
more simplified form than previously,a = 


statement on real estate transactions 


\ 
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1953 Supplement to Book of Standards | 
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which took place last year may aid in 
understanding some of the data. 

It was obvious a few years ago that 
if the rate of the Society’s growth con- 
tinued with consequent expansion in 
the Headquarters’ Staff and the neces- 
sity for more ample storage space for 
publications and office equipment, etc., 
the present Headquarters’ Building 
would not be adequate. Therefore, when 
there was the opportunity to procure a 
lot.immediately at the rear of the present 
building and also behind a portion of the 
Academy of Natural Sciences, our next 
door neighbor, this Jot was procured at 
a total cost, including commission and 
settlement fees, of $29,179. 

Since it was felt many advantages 
might accrue to the Society, the 
Academy of Natural Sciences, and our 
other neighbor, the Moore Institute of 
Art, the very fine girls’ school whose 
dormitories constitute the rest of the 
block facing on Race Street, several 
friendly discussions took place on the 
possibility of sharing the cost for addi- 
tional property in this block. However, 
the Moore Institute’s plans for a large 
and complete new building were at a 
point where they felt it was not feasible 
to change them. Their plans envisage a 
new six- or seven-story building ex- 
tending from the west line of our prop- 
erty to 20th St., to consist of dormi- 
tories, classrooms, and all other fa- 
cilities needed by the art school. This 
will be an imposing structure to cost in 
the neighborhood of about $3,000,000. 

Our Special Committee on Head- 
quarters’ Expansion meanwhile had con- 
sidered future needs and the best means 
of providing for them. When the Acad- 
emy of Natural Sciences made strong 
pleas for us to sell them a portion of our 
lot so that they could square off their 
property for future building expansion, 
we made overtures to the owners of 
another property at the rear of our 
building; this property consists of a 
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large garage, office space, and other 
structures. As a result of summer-long 
negotiations this building and land, 
fronting about 90 ft on Cherry St. and 
extending back to Quarry St. at the rear 
of our present building, were procured, 
and we then concurrently sold about 
three fourths of our 80-ft lot to the 
Academy. The latter agreed to collabo- 
rate with us in the potential closing of 
Quarry St. at the rear which would 
give us extra land and permit us to 
connect the present building on Race 
St. with the Cherry St. property. The 
cost of the Cherry St. property was 
$81,500 and with fees totaled $87,100. 

We received $35,000 from the sale of 
three fourths of our lot and used these 
proceeds to wipe out a combined note 
that had been held by the Society’s 
General Funds on the current building 
and the lot. 

The Balance Sheet for the Building 
Fund reflects these various transactions. 
To help defray costs of rehabilitating the 
Cherry St. building, General Funds, in 
wiping out the note it held, contributed 
the proceeds from the sale of the lot to 
enhance the Building Fund. It will be 
noted the latter includes cash of $63,600 
and securities totaling $13,633. 

Assets in the Building Fund, which 
include the current Race St. Head- 
quarters, the Cherry St. property, and 
the balance of the lot immediately 
adjoining this, total $322,045. 

As liabilities the Balance Sheet shows 
all contributions from members and 
from other ASTM funds, accumulated 
income, interest, proceeds from the lot 
sale in excess of the cost, and the loan 
from ASTM General Funds which 
enabled the procurement of the Cherry 
St. property; the latter totals $87,100. 

The Finance Committee felt that we 
should procure this additional property 
using current funds. This note or loan 
is to be amortized on a 10-year basis, 
and no interest will be charged the 
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Building Fund for the loan. Deprecia- 
tion of the Cherry St. property is to be 
on a 30-year basis. 

It might be explained further that 
the Building Fund receives as current 
income from the Society’s General or 
Operating Funds annual payments to 
cover amortization of the loan and also 
a sum representing depreciation over the 
30-year period. 

It is expected parts of the building 
can be occupied early in June. All of 
the shipping facilities and storage and 
the Bookkeeping and Accounting and 
General Order Departments are ex- 
pected to be transferred to this building. 
While there is no physical connection 
between the current Headquarters and 
the Cherry St. property, it is just a few 
steps across Quarry St. to enter the 
new property. Better trucking and 
handling facilities are being made 
available, and there is considerable 
additional room for future expansion. 

Just what the future may hold for 
this Headquarters location with the 
tremendous expansion expected along 
the old right-of-way of the Pennsylvania 
Railroad that went into Broad Street 
Station, no one can foretell, but the 
officers feel that the rather involved 
negotiations and operations which took 
place during the past year protect the 
Society’s future expansion and that the 
investments should prove to be worth- 
while. 

Investments.—Investments of Society 
funds (General, Building, Research, 
Committee, Medal and Lecture Funds) 
as of December 11, 1953, are given in 
the appended auditors’ report, both 
book and market values being shown. 
As of that date the book value of all 
investments was $448,814.00, compared 
with $392,450.47 a year ago; the market 
value of all investments on December 
19, 1953, was $461,679.00. 

The following changes in investments 


during the calendar year 1953 are listed 
as a matter of record: 


Generar Funps 
Sold 
Bonds: $2000 U. S. Bonds Defense ies G (matured) 
converted to U. S. Treasury 3 Zen 19 978. 
Preferred. Stocks: 25 sh. Cum. Conv. 
to Common 2 for 1 
Common Stocks 
25 sh. Aluminum Company................. 
40 sh. Bethlehem Steel..................... 
25 sh. Climax Molybdenum........... 
50 sh. Crown Zellerbach............... 
2 sh. Delaware Light and Power.. oa 
25 sh. General mene 
50 sh. Houston Light and Power.. 
50 sh. International Nickel........ — 
57 sh. Pacific Gas and Electric............. 
50 sh. Philadelphia Electric. ............... 
50 ch. Southern 
40 sh. yo Oil of New Jersey.. 
40 sh. Texas Company.............. 
30 sh. Union Carbide and Carbon... 
25 sh. Union Pacific............... 
25 sh, Westinghouse Electric. .............. 
Mutual Funds 
21 sh. Investors (Capi- 
5 sh, Broad. Street Investing Corp. 
( 112.05 
45 sh. ton & Howard Balanced 
Funds (Capital Gain)........... 1 440.90 
106.835 sh. Commonwealth Investing Co. 
717.97 
1980433 ah, investing Co. 
20 543.46 
Total Common Stock.............. $32 275.36 
Total Mutual Funds..... seeeee 23 239.84 
Funp 
Sold Proceeds 
Mutual Funds: 1980. Commonwealth 
$20 543.46 
Bought Cost 
Mutual Fund. 
77.823 sh. Commonwealth " Reventiog Co. 
(Dividend Reinvestment)......... $543.98 
66.225 sh. Commonwealth Investing Co 
(Portion of 1953 Depreciation) . . 500.00 
Researca Funp 
Sold Profit or 
Loss (—) 
Preferred Stock 
30 sh. Allis-Chalmers Cum. Conv. 3% con- 
verted to Common 2 for 1............. None 
Bought Proceeds 
7 = Eaton & Howard Balanced Funds $224.14 
6 sh. Broad Street Investing Corp. (Dividend 
$358.60 
TempPLin Funp 
Bought Cost 
1 sh. Eaton & Howard Balanced Funds 
(Dividend Reinvested)................. $32.02 
Tour Funp 
Bought Cost 
1 sh. Eaton & Howard Balanced Funds 
(Dividence Reinvested)................ $32.02 


Commitrer Funps (X-Ray Drrrraction) 


Bought Cost 
$20 000 U. S. Treasury Bonds 2% 1952-54. . $19 925.00 
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1954 Budget: 


In the budget for 1954, current in- 
come has been placed at $720,500, made 
up of dues and entrance fees of $232,520; 
publications sales, $407,500; miscel- 
laneous items, $80,500. 

Estimated disbursements are $761,500, 
made up of publication costs of $285,500; 
salaries (including Staff expansion and 
increases in salaries appropriate to meet 
current conditions), $275,000; and general 
office expenses, meetings and commit- 
tees, headquarters, retirement, and 
miscellaneous, $201,000. 

A comparison of estimated income and 
expenditures shows an indicated deficit 
of $41,000 for the year. In explanation 
it should be kept in mind that our fiscal 
operations must be considered essentially 
on a three-year basis, and this being 
the second year since the issuance of 
the 1952 Book of Standards, our income 
from sales of publications will probably 
not approach the very high income of 
over half a million dollars received in 
1953 when heaviest sales of this Book 
took place. 

It is normal procedure to budget a 
deficit in years corresponding to this 
one and, while we have been fortunate 
that none has developed recently, the 
Finance Committee is prepared for it 
by its allocation of last year’s favorable 
operating balance to the general surplus 
to be used if necessary. 

Actually, operations for the first four 
months of the year are very encouraging, 
and barring any further or more in- 
tensive falling off in general business, 
1954 may show a better financial result 
than the budget has anticipated. This 
continues to reflect a conservative 
attitude with income estimated some- 
what on the low side and disbursements 
considered quite adequate. 

To complete reference to 1954 finances 
thus far this year, it is noted that during 
the first four months the following 
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changes in investments have taken 
place: 


GENERAL Funps 


Bought Cost 
*40 sh, Eaton & Howard Balanced Fund.. $1 251.60 
*85.465 sh. Commonwealth Investment Co.... 566.63 
30 sh. Atchison, Topeka & Santa Fe..... 2 961.06 
30 sh. Union Carbide 1 and Carbon........ 2 204.44 
50 gh. Sears, 3 137.78 
50 sh. International Nickel.............. 1 925.00 
$15 000 U. S. Treasury 2}4%, 1961........... 15 000.00 
Matured Received 
$15 000 U. S. Treasury 2%, 1954............ 14 962.50 
RESEARCH FunpD 
Cost 
ton & Howard Balanced Fund.......... 187.74 
Matured Received 
Temptin Awarp Funp 
Bought Cost 
“Eaton & Howard Balanced Fund.......... 31.29 
Tour Awarp Funp 
Bought Cost 
“Baton & Howard Balanced Fund.......... 1,29 


* Capital Gains Dividend Shares. 

While the Society does not have large 
sums of money to invest, nevertheless, 
as the work extends and more new 
members join and our publication sales 
become larger, it is natural that the 
various funds will also increase. The 
Directors feel that the general surplus, 
which is barely half of a year’s actual 
disbursements, should be considerably 
larger, and it is hoped the trend will 
be in this direction. 

The Finance Committee of the Board 
has devoted much time and effort down 
through the years on investments, and 
in the past year the current committee 
with the Board’s approval, has estab 
lished an Investment Advisory Com- 
mittee consisting of active members 
and businessmen in the Philadelphia 
area to advise the Finance Committee 
on investment policies and practices. 
This group feels there should be a 
definite investment policy; in its recom- 
mendations to the Finance Committee 
the group will implement certain princi- 
ples already established by the officers. 
This advisory group does not have 


Current Investment Policy: 
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authority to act for the Society, but it 
should afford some relief to the Finance 
Committee from detailed consideration 
of investment policies and portfolio. 

It will be recalled that about three 
years ago, in order that our investments 
might reflect the inflationary trend and 
to protect the purchasing power of our 
dollar, rather heavy purchases were 
made of certain Mutual Funds. This 
was intended to pass to the operators 
of these funds responsibilities for in- 
vestments. 

However, with the establishment of 
the Investment Advisory Committee, 
the additional purchase of Mutual Funds 
has been stopped and, although these 
funds will be held, appreciation from 
them will come from the dividends re- 


ceived. The new policy envisages direct, 


purchase of various securities. Basic to 
the investment plan is the decision that 
at no one time will the Society’s holdings 
in bonds, preferreds, and cash be less 
than 40 per cent of the total. Conversely, 
the percentage of equities or common 
stocks would never exceed 60 per cent. 
Concerning the actual investments, 
the plan eventually to be established 
would provide that the ratio of equities 
to fixed investments would decrease 
with an increase in the securities market, 
particularly the stock market; and con- 
versely, in a long-trend falling market 


Employee 


Last year the Directors established a 
Group Life Insurance Plan for the entire 
Staff with policies of $1000 each in 
effect. There has also been in operation 
for a year the Blue Cross Hospitalization 
Plan, set up on a group basis with the 
Society underwriting this cost also. 

One of the incentives and benefits for 
the Staff has been participation in the 
ASTM Retirement Plan established on 
May 3, 1938. A total of 33 employees 
now participate. This plan guarantees 


the plan would call for the purchase of 
equities. Because of the back history of 
our investments and current holdings 
it will take some time to put this police 
into effect, but in the meantime thert 
has been a trend, as shown in the lis 
of investment changes, to the procure- 
ment of sound common stocks. 

The first quarterly report to the Di- 
rectors for 1954 shows that in general 
funds alone (not including various other 
funds of which the Society is custodian, 
such as Medal and Award funds, com- 
mittee funds, etc.) there is a ratio of 
about 47.3 per cent cash (checking and 
savings accounts); 14.7 per cent bonds; 
5 per cent preferred stocks; and 33 per 
cent common stocks. 

Excluding cash and mutual funds, the 
investment portfolio of March 31 showed 
51.7 per cent common stocks; 6.5 per 
cent preferreds; and 41.8 per cent bonds. 


Investment Status, March 31, 1954: 


The market value of all securities in 
all funds on March 31 was $494,000 
compared with the book value of 
$453,000. The market value of common 
stocks (owned directly by the Society 
and not through Mutual Funds) was 
approximately $180,000 compared with 
the book value of about $145,000. Con- 
sidering all securities there is represented 
about $146,000 of Mutual Funds. 


Benefits 


that on retirement—age 60 for women, 
65 for men—the employee will receive a 
yearly pension of 1 per cent of his highest 
five years average base salary multiplied 
by his years of service; the plan excludes 
any portion of salary in excess of $7000. 
(This figure was recently raised from 
$6000 by the Directors to provide those 
in this range with some additional re- 
tirement income.) This plan is inde- 
pendent of Social Security; each em. 
ployee contributes a percentage of salary 
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to Social Security, in line with the law, 
and those participating in the Retire- 
ment Plan also underwrite a portion of 
that cost. 

Including Social Security, Retirement, 
and the other benefits, it is expected the 
total ASTM cost for 1954 will aggregate 
about $26,000. This is 3.4 per cent of 
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expected operating disbursements, or 
about 9.5 per cent of the salary budget. 

The Directors have been pleased to 
make these various benefits available 
to the Staff and to provide incentive for 
service at Headquarters, and the em- 
ployees on their part have appreciated 
the considerations given. 


Administrative Matters 


Proposed Amendment of By-laws: 


Several members and officers sug- 
gested to the Directors that the By-laws 
be revised to provide for a secret election 
of officers. Previously a secret ballot 
would have been used only when there 
was more than one nomination for any 
given office. The Board of Directors 
recommends to the Society that the 
second sentence in Article III, Section 
6, of the By-laws dealing with the is- 
suance of an official ballot be changed 
to read as follows by the deletion of the 
words in brackets: 


“An official ballot shall be issued to the 
members between May 25 and June 1, 
which ballo? shall contain names of nominees 
made according to the provisions of this 
Article. [In case the official ballot contains 
more than one nomination for any given 
office,] The method of voting shall be by 
secret ballot. The voter shall have the right 
to substitute any name or names of members 
of the Society for a corresponding number 
of names on the ballot.” 


Previously the By-laws provided that 
the meeting of the Nominating Com- 
mittee to select candidates for national 
officers should be held in March. Fre- 
quently, it has been convenient for this 
group to convene during ASTM Com- 
mittee Week, but scheduling committee 
week early in February as was done this 
year would prevent the Nominating 
Committee from meeting at that time. 
Consequently the Directors recommend 


that the first sentence of Article III, 
Section 3, of the By-laws be amended as 
follows by the addition of the words in 
italics: 

“The meeting of the Nominating Com- 
mittee shall be held at such time in the 
month of February or March and at such 
place as shall be determined by the Board 
of Directors..... 


As required by the revisions in the 
By-laws, these proposed amendments 
have already been printed in the notices 
for the Annual Meeting, and the Board 
recommends that the Annual Meeting 
of the Society approve the proposed 
amendment for submission to letter 
ballot vote. 


Regulations Governing Technical Com- 
millees: 


The current Regulations Governing 
Technical Committees define in Article 
III the terms “standards” and “recom- 
mended practices,” and in a footnote 
there is a definition of “specifications” 
and “methods.” In response to a request 
the Administrative Committee on Stand- 
ards developed a definition of a “classi- 
fication,” and the Board of Directors 
has approved this for inclusion in the 
regulations. At the same time the Board 
approved the embodiment of the defini- 
tion of “‘specifications” and ‘methods” 
in the body of the regulations rather 
than in the footnote. 

The definitions as they would appear 


read as follows: _ 
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Classification.—A “Classification” as ap- 
plied to materials or products may be de- 
fined as a systematic arrangement or 
division into groups based on similar char- 
acteristics such as origin, composition, 
properties, or use. 

Specifications—Specifications are de- 
signed to govern the purchase of materials 
in terms of physical, chemical, or other 
properties. 

Methods:—Methods include sampling and 
test procedures used in determining the 
properties that may be specified but not 
values for these properties. 


Society Headquarters: 


Details are given in the section of this 
report dealing with the ASTM Building 
Fund of the disposal of part of our real 
estate and the acquisition of a property 
at the rear of the present Headquarters 
on Race St. As various departments 
move into this renovated building, the 
rather serious crowding and lack of 
facilities in the Race St. building will 
be gradually alleviated. 

There is no question that the acquisi- 
tion of the present building in 1945 was 
a very constructive move whether 
viewed from the standpoint of cost of 
operations, location, or efficiency of 
operations. It is believed the purchase 
of the additional building on Cherry 
St. was made at a very reasonable cost 
and that it will meet the needs of the 
Staff and provide storage and other 
facilities for some time to come. Mean- 
while the officers will continue to be in 
close touch with local real estate and 
development plans. The removal of the 
so-called “Chinese” wall on Market 
St., the viaduct over which the Pennsy]- 
vania Railroad directed its trains into 
the old Broad Street Station, will change 
the complexion of this entire area rather 
extensively. 
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Headquarters Staff: 


Reference is made in the President’s 
Message at the front of this report to 
an increase in the Society’s Head- 
quarters’ Staff. As the number and size 
of our publications continue to increase, 
more editorial help is needed, and to 
handle the increasing volume of publi- 
cations sales, we must from time to time 
augment our order, billing, and shipping 
departments. We have been fortunate 


Paes ae acquiring as needed conscientious 
help. 


While some assignments were made 
to the current staff of a number of the 
responsibilities of the Assistant Secre- 
tary when he was elected Executive Sec- 
retary and Treasurer, yet he continued 
to carry some phases of this work. Last 
fall, however, Fred F. Van Atta, for- 
merly with the General Contractors As- 
sociation, and earlier Acting Secretary- 
Treasurer of the American Concrete 
Institute, was appointed Special As- 
sistant reporting directly to the Execu- 
tive Secretary. He has assumed a num- 
ber of the responsibilities handled in 
the office of the Assistant Secretary and 
also has carried out other special assign- 
ments. In general, he is responsible for 
coordination and extension of our de- 
velopmental and promotional activities. 
He has also handled the Exhibit of Test- 
ing and Scientific Apparatus and Lab- 
oratory Supplies and the Staff respon- 
sibilities for the Photographic Exhibit. 
He reported to ASTM Headquarters 
officially on September 16. A brief bio- 
graphical sketch and photograph ap- 
peared in the October ASTM But tetin. 

At the meeting on May 11, the Di- 
rectors appointed Mr. Van Atta Assist- 
ant Secretary. 

The Society officers are giving some 
thought to further additions to the Staff 
along technical and editorial lines. 
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Cooperative Activities 


In much of our technical and research 
work, the Society receives the close co- 
operation of many other organizations 
and in turn cooperates with other 
groups where the work is of interest to 
our technical committees or groups of 
our members. A list of the Society 
representatives on other bodies is listed 
in the ASTM Year Book. It is not feasi- 
ble here to note all of the cooperative 
efforts but reference is made to some of 
these. 

The Society is intensely interested in 
standardization activities of the General 
Services Administration of the Federal 
Government, concerned largely with 
Federal specifications, and also with 
the work in the Defense Department 
where the Departments of the Army, 
Navy, and Air Force have large groups 
following standardization activities. Both 


the Government are well represented on 
the ASTM technical committees. This 
has many advantages both to ASTM 
and the government. 

A special committee of the Board of 
_ Directors entitled Committee on Govern- 


} te civilian and military branches of 


ment Contacts has from time to time 


reviewed with various officials in Wash- 
ington the status of our work. The 
reorganization of the Defense Depart- 
ment Standards Branch has been of 


- much interest, and contacts have been 


made with officials of the Office of 
Assistant Secretaries of Defense, Lo- 
gistics and Supply, and Engineering 


_ Applications. There is a determined 
“coord in the Defense Department to 


coordinate its wide-flung standards 
work, and this should have important 


bearing in stimulating even closer con- 


tacts with ASTM and other standards- 
bodies. 
The Society has been vitally interested 


for many years in the work of the Na- 


tional Bureau of Standards, and the 
fine cooperation between the Bureau 
and ASTM is an outstanding example 
of how activities in one organization 
can complement work in another. There 
are a large number of members, com- 
mittee members, and officers of the 
Society who are from the Bureau, and 
these men have contributed immeasur- 
ably to the advancement of our work. 
The Society or its committees are 
sponsoring various investigations at 
the Bureau, the data from which will 
be of great importance in our standards 
work, 

At the request of the Bureau the 
Society has assumed responsibility for 
the publication of the widely-distributed 
Directory of Commercial and College 
Laboratories, the former Bureau publi- 
cation M187. This lists facilities avail- 
able in the laboratories and the com- 
modities they are prepared to test. It is 
expected questionnaires will be dis- 
tributed to all the laboratories in the 
next few months, and the publication 
will be issued in the fall. 

There is probably no society that de- 
pends more on the technical man and 
the engineer than does ASTM; and 
while because of its nature as a technical 
society it cannot do a great deal to stimu- 
late interest in engineering education, 
nevertheless in various ways the im- 
portance of an adequate supply of engi- 
neers has been stressed. As a modest 
step ASTM contributed to the National 
Science Teachers Assn. the sum of $300 
to support the distribution of 1000 
copies of the booklet “Selected Science 
Teaching Ideas.” Other professional and 
technical groups also cooperated in this 
project. The ASTM Districts have been 
urged to participate in local activities 
intended to stimulate interest in engi- 
neering education. 
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The Society accepted the invitation of 
the American Association of Textile 
Chemists and Colorists to participate 
in the Perkin Centennial in 1956 to 
commemorate the 100th anniversary of 
the discovery by Sir William H. Perkin 
of the first synthetic dye—mauve. The 
Society specifically will sponsor a sym- 
posium on serviceability of dyed ma- 
terial with Committee D-13 on Textile 
Materials taking the lead. Other techni- 
cal committees might participate in 
other portions of the program. 

The Society participated in a joint 
Symposium on Steel Wheels held as part 
of the 1953 ASME Annual Meeting. A 
number of members of Committee A-1 
on Steel participated in this meeting, 
which was sponsored by the ASME 
Railroad Division. 

An invitation has been received from 
the International Union of Testing and 
Research Laboratories for Materials 
and Structures (RILEM) to participate 
in the meeting being held in Trondheim 
in June, 1954. Since Past-President L. J. 
Markwardt was to be in Europe at this 
time attending meetings concerned with 
timber, he acceded to a suggestion that 
he represent ASTM as an observer at 
this RILEM meeting. He is expected to 
give information to the Directors on 
the status of this European organiza- 
tion. 


American Standards Association: 


The Society has continued to cooperate 
closely with the American Standards 
Assn., of which it was one of the five 
founders. The ASTM continues to have 
sponsorship or joint sponsorship of a 
number of sectional committees func- 
tioning under ASA procedure and is 
represented on many others. A list of 
these representatives appears in the 
ASTM Year Book together with the 
personnel of the sectional committees 
where ASTM has sponsorship. 
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Approximately one third of the some 
1200 standards that have been approved 
by the ASA were developed by ASTM. 
Over these ASTM has full responsibility 
for submitting revisions, as they occur 
from time to time, through the proper 
ASA procedure for approval. This may 
be done under the Proprietary Stand- 
ards Procedure, or by using sectional 
committees. 

The matter of greatest interest which 
has come about during the year is the 
formation of a new Standards Board to 
handle a large number of the submittals 
which ASTM may send to the ASA. 
This new Board which will comprise 
the members of the ASTM Administra- 
tive Committee on Standards and two 
additional members designated by ASA 
Standards Council will take over all 
work handled in the past by the Miscel- 
laneous Standards Board. It will not 
have responsibility for projects sponsored 
by ASTM which are covered by other 
ASA groups in specific fields. 

The submission of new standards to 
ASA for approval on the recommenda- 
tion of ASTM technical committees and 
keeping these up to date has involved 
considerable effort and time on the 
part of the Staff and sometimes the 
technical committee secretaries. Al- 
though the new arrangement may not 
greatly reduce this time, it will trend in 
that direction. Furthermore, the ASA is 
giving consideration to revisions of its 
procedure on the Existing Standards 
Method and the Proprietary Standards 
Procedure so that these may be better 


understood and have greater utility. 
Appointments: 


The following appointments were 
made during the year: 


Alexander Gobus, North American Philips 
Co., Inc., as ASTM representative at the Inter- 
national Institute of Welding meetings in 
Copenhagen, July, 1953. 
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W. H. Finkeldey, Singmaster & Breyer, 
reappointed to the Advisory Committee on 
Corrosion for a term of three years. 

A. F. Tesi, Celanese Corp. of America, as 
ASTM representative on ASA Sectional Com- 
mittee on Institutional Textiles. 

J. C. Moore, National Paint, Varnish, and 
Lacquer Association, Inc., and P. J. Smith, 
ASTM Standards Editor, as ASTM representa- 
tives on the Joint Federation-ASTM Committee 
on Paint, Varnish, Lacquer, the former re- 
placing R. D. Bonney, Congoleum-Nairn, Inc. 

L. H. Winkler, Bethlehem Steel Co., Inc., 
on ASA Mechanical Standards Board, replacing 
L. B. Jones, deceased. 

Myron Park Davis reappointed as the So- 
ciety’s representative on ASA Safety Standards 
Board. 

J. H. Foote, Commonwealth Associates, Inc. 
reappointed as ASTM representative on ASA 
Standards Board. 

F. L. Marsh, National Gypsum Co., repre- 
senting Committee C-11 on ASA Sectional Com- 
mittee A 42 on Specifications for Plastering. 

H. M. Smith, Bureau of Mines, Petroleum 
Experiment Station, on ASA Sectional Com- 
mittee Z 11 on Petroleum Products and Lubri- 
cants, succeeding T. A. Boyd, General Motors 
Corp. 

H. R. Wolf, General Motors Corp., on ASA 
Sectional Committee Z 26 on Safety Glass, 
succeeding H. C. Mougey, General Motors 
Corp. 


J. J. Kanter, Crane Co., on Joint Committee 
on Definitions of Terms Relating to Heat 
Treatment, succeeding T. S. Fuller, Consul- 
tant. 

Francis Scofield, National Paint, Varnish, 
and Lacquer Association, Inc., on Inter-Society 
Color Council, succeeding W. C. Granville, 
Container Corp. of America. 

W. D. Appel, National Bureau of Standards, 
as ASTM representative on Committee on AAT- 
CC Perkin Centennial. 

M. A. Swayze, Lone Star Cement Corp., as 
ASTM representative at the 50th Anniversary 
Meeting of the American Concrete Inst. in 
Denver, February, 1954. 

A. W. Tracy, American Brass Co., on Inter- 
Society Corrosion Committee, succeeding Sam 
Tour, Sam Tour and Co., Inc. 

W. G. Holtz, Bureau of Reclamation, ap- 
pointed Society representative at International 
Soils Conference, June, 1953. G. P. Tschebo- 
tarioff, Princeton University, also represented 
ASTM. 


Respectfully submitted on behalf of 
the Board of Directors, 
L. C. BEARD, JR., 
President. 


R. J. PAINTER, 
Executive Secretary. 


June, 1954. 
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TO DECEMBER 11, 1953 
Philadelphia, January 5, 1954 


Mr. R, J. Panter, Executive Secretary of 
AMERICAN SOCIETY FOR TESTING MATERIALS : 
Philadelphia, Pa. 


Dear Sir: 

We have examined the books and accounts of the American Society for 
Testing Materials for the period ended December 11, 1953, the date the 
Society closed its books for the year 1953. We did not make a detailed audit 
of all transactions, but made tests to the extent we considered appropriate 
in determining the accuracy of the accounts. 

Cash on deposit in checking and savings accounts, and cash represented by 
certificates of deposit were verified by direct correspondence with the various 
depositories and reconciled with the cash records. Accounts receivable were 
not verified by correspondence with debtors. The investments owned by the 
Society, as detailed later in this report were examined by us. Such securities 
are in safe deposit box of the Society at the Girard Trust Corn Exchange Bank. 
Income from investments for the period under review was verified by us and 
found to be properly recorded on the books of the Society. 

We have prepared and submit herewith balance sheet as of December 11, 
1953, statement of cash receipts and disbursements for the period ended that 
date, and other supporting schedules which, in our opinion, subject to the 
foregoing comment, present fairly the financial position of the Society at 
December 11, 1953, and the results of its operations for the period ended that 
date. 
‘ Respectfully submitted, 

Joun Hetns & Co. 
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q SS BALANCE SHEET AS OF DECEMBER 11, 1953 
= (Including Special and Designated Funds) 
ASSETS 
General Funds: 
| Less Check No. 2568 as of December 9, 1953 
¢ a (drawn aquinet cost of 1953 Proceedings and 
1953 Supplements to Book of Standards)..... 60 500.00 $101 212.48 
| Investments (Market Value $351 338 008.56 
Loans Receivable (Building 87 100.12 
Advance to Forrest Products 500.00 
Total Current Assets General Funds.....................-. 590 043.13 a 
Furniture and Fixtures (depreciated book value)................ 22 814.82 
Building Fund: 
Investments (Market Value $12 905.31)—Cost................. 13 632.83 a 
Building and construction costs................... 156 390.87 
eserve for depreciation................... 37 150.00 119 240.87 
Land and improvements, 1915-19 Cherry Street, —————— 
and buildings, 1921-29 Cherry Street and 
1924-30 Quarry Street, Philadelphia, 
322 045.37 
Other Special and Designated Funds: 
Cash: 
ASTM Research 8 817.58 
Medal and Marburg Lecture 
Richard L. Templin Award Fund...... 700.18 
Sam Tour Award Fund............... 142.99 - 
Total Medal and Lecture Funds............ 1 974.18 7 
152 536.00 163 327.76 
Investments: 
ASTM Research Fund (Market Value $55 976.45)— 
Dudley Medal and Marburg Lecture Fund, (Market ' 
Value $5 067 6 625.00 
Richard L. Templin Award Fund (Market Value 
Sam Tour Award Fund (Market Value $1 620.32)— : 
. Committee Funds (Market Value $33 543.76)— 


4 
ay 
Total Assets, Special and Designated 260 500.20 
Note.—All market values of securities are as of December 11,1953. = a a 
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General Funds: 


Accounts Payable: 

_ Joint Committee on X-ray Diffraction................-...64. 74 253.15 

Pennsylvania Sales Tax Collections. ...............csceeees 28.75 

Total Current Liabilities General Funds................... 88 736.41 

$3 812.50 
Book of Standards 60 400.18 
Executive Retirement Reserve.................... 14 873.600 
Retirement Fund Reserve. 24 097.43 
Reserve for Depreciation of Investments........... 20 000.00 
Reserve for Additional Cost of Replacement of Head- _ 


quarters Building 


5 000.00 
Special Annual Meeting Entertainment Account... . 7 586.64 
Exhibit Annual Meeting 1355.00 
348 604.39 
Total Liabilities and Surplus General Funds...............cceeeeeeceeess 
Building Fund: 
173 722.35 
Contributions from ASTM General Funds..................... 47 989.57 
Accumulated Income, Profit on Investments................... 13 233.33 
Other Special and Designated Funds: ee 
ASTM Research Fund: a) 
Dudley Medal and Marburg Lecture Fund: 
Richard L. Templin Award Fund: 
Sam Tour Award Fund: 
Committee Funds, Unexpended Balance..................00005 186 461.00 


260 500.20 


65 
‘ 
= 
a 
12 857.95 
my 
22 045.37 
— 
$1 195 403.52 
| 


ANNUAL Report OF BoARD oF Directors (APPENDIX I) 1 


ComPARISON OF GENERAL Funps For Fiscat YEarS 1949-1953 INcLUSIvE. 


Assets Liabilities 
Fiscal Year Furnit R f Miscel 
Invest- | Accounts | *Umiture | accounts | “esetve tor 4 
Cash ments | Receivable Fistares Surplus 
$56 379.22 |$192 325.57 | $36 382.87 | $18 078.39 | $12 349.77 000.00 | $31 580.92 $219 235.36 
147 957.36 | 222 662.96 | 50 692.18 | 17 959.00 | 59 919.59 | 61 900.18 | 65 973.89 | 251 477.84 
.| 164 497.75 | 263 995.13 | 77 239.16 | 18 758.61 | 72 990.86 | 101 900.18 | 90 536 48 | 259 063.13 
537.56 | 282 493.36 | 63 050.85 | 22 475.95 | 86 506.97 | 101 900.18 | 114 326.31 | 265 824.26 
101 212.48 | 338 008.56 | 150 822.09 | 22 814.82 | 88 136.41 | 60 400.18 | 115 116.97 | 348 604.39 
CoMMITTEE Funbs 
Committee A-5 On Corrosion of Iron and Steel. ................0ceeeeeeeeeeeee 1 134.85 
Committee B-3 On Corrosion of Non-Ferrous Metals and Alloys................. 2 599.83 
Committee B-6 On Die Cast Metals and 2 762.56 
Committee B-8 On Electrodeposited Metallic Castings...................0.00055 11.25 
Committee C-1 Cement Reference Laboratory.......... 640.95 
Committee C-9 Sanford E. Thompson Medal 990.42 
Committee C-9 On Concrete and Concrete 154.17 
Committee C-15 On Manufactured Masonry 414.33 
Committee C-16 On Effect of Moisture in the Performance of Thermal Insulation. . 995.00 
Committee C-18 On Natural Building Stones and Slate......................... 386.58 
Committee D-1 On Paint, Varnish, Lacquer and Related Products............... 697.71 
Committee D-2 On Petroleum Products and Lubricants........................ 556.61 
Committee D-2 D.C.C Reference Fuel 23 255.57 
Committee D-2 D.C.C National Exchange Group....................00seeeeeee 1 013.52 
Committee D-2 D.C.C Equipment Development Project........................ 848.70 
Committee D-4 On Road and Paving Materials....................0eeeeeeeeeee 6.95 
Committee D-9 On Electrical Insulation Materials......................... Soins 2 433.08 
Committee D-10 On Shipping Containers. 5.99 
Committee D-11 On Rubber and Rubberlike Materials......................... 81.75 
Committee D-12 On Soaps and Detergents... 633.94 
Committee D-15 On Engine Antifreezes. ...... 43.00 
Committee E-3 On Chemica] Analysis of eee 141.54 
Committee E-9 On Fatigue of Metals. 209.31 
ASA Sectional Committee on Specifications for Cast Iron Pipe.. 1 423.40 
Philadelphia District Special (Annual Meeting Account)......................-- 792.42 
Western New York—Ontario District 230.72 
Administrative Committee on Ultimate Consumer Goods......................- 213.30 
Joint Committee on X-ray Diffraction, chemical analysis....................... 37 952.57 
Joint Committee on X-ray Diffraction, research associates....................4. 342.63 
Joint Committee on X-ray Diffraction, IBM calculator......................... 8 623.00 
186 461.00 
Accounted for as follows: 
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DupLEyY MEDAL AND MarsBurG LECTURE FUND 
Balance, December 1 19, 1952: 
Principal—Investments $6 625.00 
Receipts—Interest on investments. 264.00 $8 308.91 
Disbursements: 
Miscellaneous (travel expense, etc.).............0eceeeeeeees 75.90 552.90 
Balance, December 11, 1953: 7 756.01 
Accounted for as follows: 
Principal—Investments (at cost)... 6 625.00 


Ricwarp L. TEmMPLIN AWARD Funp 


Total Invested 
Principal Account: 


Balance, December 19, 1952 $1 037.12 $1 025.18 $11.94 
Receipts: 
Transfer from income—stock dividend........... 32.02 32.02 
$1 669.14 $1 057.20 $611.94 


Income Account: 


Receipts—Interest and dividends on investments............... 79.14 $150.26 
Disbursements: 
32.02 


= Sam Tour Awarp Funp 
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Principal Account: 


Balance, December 19, 1952.............ccccccccccoees $1 537.56 $1 537.56 
Receipts—Transfer from income account........... 32.02 32.02 
$1 569.58 $1 569.58 0 


Income Account: 


Receipts—Interest and dividends on investments............... 102.26 $211.26 
Disbursements: 


ninvested 
Cash 
$88.24 
Uninvested 
Cash 
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ASTM ResEarcu Funp 


Uninvested 
Total Invested Cash 


Principal Account: — 

Balance, December 19, 1952....................... $53 671.45 $53 637.06 $34.39 
Receipts—Stock dividends transferred from income. . 358.60 358.60 
Contribution from General Fund 3 000.00 3 000.00 


Balance, December 19, 1952 .97 
Receipts—Interest and dividends on investments............... : $8 232.97 


Disbursements: 
Transfers to principal account y 
Printing, etc : 2 449.78 


Balance, December 11, 1953 $5 783.19 


= 


= 
Op 
] 
1 
a 
. 
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Operating Receipts (Budgeted): 


Dues and Entrance Fees: 
Income, Life Membership Fund................ 175.00 ta eine 

Sales of Publications: 

Book of Standards (Members, additional parts)... | 

1950 Supplements to Book of Standards........... 833.60 : 

1951 Supplements to Book of Standards........... 1 329.15 wre x. 

1953 Supplements to Book of Standards........... 370.25 

Methods of Chemical Analysis of Metals........... 3 840.45 9d mig wt 

Compilation of Standards 78 902.87 pee? 

Selected Standards for Students 4 188.90 pound 

BuLLetin Subscriptions (nonmembers)............ 3 115.07 

Special and Miscellaneous Publications. ........... 92 616.79 

Total Sales of 512 261.90 
Miscellaneous: 

Registration and Other Fees—Meetings............ 13 767.50 ; 

ASTM Exhibit at Annual Meeting................ 1 355.00 “2 

Total Operating Receipts 814 639.62 
Nonoperating Receipts (Not Budgeted): 

Committee C-1 for Technical Assistant............ 2 640.00 — 

Retirement Fund 54.66 

Joint AIME-ASTM Publication Fund............. 136.50 

Sale of X-ray Diffraction Cards.................. 53 196.30 On 

British and 1P Metric Tables..................... ‘1 552.06 ee 

Institute of Petroleum Publications............... 134.02 “ir 

From Building Fund on Account of Loan.......... 36 000.00 += re 

Annual Meeting Luncheons. ..................... 925.75 

Total 912 536.61 
Total Receipts for 1953 and Cash Balance, 
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RECEIPTS AND DISBURSEMENTS 


For THE Periop DECEMBER 19, 1952 To DECEMBER 11, 1953 
Cash balance, December 19, 1952 


: 
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DisBURSEMENTS 
Operating Disbursements (Budgeted): 
Publications: Ce 
1949 Book of Standards (net refund)............ 2.81 
9 670.46 Ce 
1953 Supplements to Book of Standards. ........ 35 706.91 In 
1 090.00 R 
Methods Chemical] Anal 64.55 Pr 
Compilation of Standards...................005 27 944.66 Fr 
1 roc 1 599. 
1953 Proceedings. 37 677.234 
50 Year Index to 232.58 
Total $263 811.12 Pr 
= Expenses—Technical and District Committees. .... . 9 978.66 A 
Headquarters Occupancy Expense (includes $5 700 R 
depreciation on building).................... .. 21 657.63 
American Standards Association.................. 1 500.00 
Traveling Expense, Administrative and Special 
Committees 


Principal ASTM 
Dues, Contributions, Miscellaneous 

Employees’ Retirement Fund..................... 
Federal Old Age Survivors. 


Total Operating Disbursements (Budgeted)................ 


® These accounts include $60 500 r —-, a ook drawn against cost of 1953 Proceedings and 1953 Book of 
Standards, but not actually paid on December 11, 


Nonoperating Disbursements (Not Budgeted): 


Refund of Excess Remittances 2 574.95 ~,. & 
Book of Standards Reserve................0.00005 101 500.00 » 
Technical Assistant Committee C-1............... 2 654.40 
Transfer to Joint Committee on X-ray Diffraction.. 47 500.00 7) 
Cost and Refunds on X-ray Diffraction Cards... ... 6 462.51 6 
Institute of Petroleum Publications............... 496.28 
Annual Meeting Luncheon....................... 1 069.50 
Executive Retirement Reserve................... 1 119.00 : 
Gillett Memorial 401.25 
Contribution to Building Fund................... 32 000.00 
87 100.12 
338.50 
Transfer to Philadelphia District Entertainment... . 1 000.00 
Gift to Widow of Executive Secretary............. 6 000.00 
Total Nonoperating Disbursements........................ 350 738.74 


3 000.00 
ee 1 281.09 
1 250.00 
518.50 
20 397 311.83 
‘ 
4 
= { 
} 
Cash Balance, December 11, 1953 
%, 
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ASTM BUILDING FUND 


Detaits oF ASTM Buitpinc Funp RECEIPTS AND DisBURSEMENTS 
For THE Periop DECEMBER 19, 1952 To DECEMBER 11, 1953 


Receipts 

Interest and Dividends on 847.92 

Receipt on Account of Appraisal Costs. 100.00 

Proceeds Sale of 59/80 of 1915-1919 Cherry Street................. 34 667.71 


From ASTM General Fund: 
On Account of Depreciation on Building, Elevator, and Air Condi- 


On Account of Interest and Amortization of Note................ 37 020.00 


188 073.76 
189 793.05 


Purchase of 144.048 — Commonwealth Investment Co........... 
— of property 1921-1929 Cherry Street and 1924-1930 Quarry 


Report oF Auprrors 71 
719.29 
| 
= 
Dish ment i 
=) 
043.98 
658.84 
250.00 
198.45 
ASTM General Fi ie 1 020.00 
Reduction of Loan from ASTM General Fund..................... 36000.00 126191.56 
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ASTM BUILDING FUND 
Detaits OF AssETS AND LIABILITIES OF BUILDING FuND AS OF DECEMBER 11, 1953 


Assets 
Cash in Girard Trust Corn Exchange Bank, 
4 Investments: (Market value $12 905.31) Pe 
$8 500 U. S. Treasury bonds 2}4s 1967-72... .. $8 632.83 
5 000 U. S. Savings bonds series “G” 214s... 5 000.00 
1916-18 Race Street, Philadelphia, 

a: 
Commission to Agent 2 681.25 
197.10 

$56 503.35 
Allocated to: : 
Less Proceeds from Sales and Salvage of 
Equipment and Rentals............ 1 152.92 129 887.52 
156 390.87 
Reserve for Depreciation (provided from 
37 150.00 119 240.87 
149 240.87 
_ Property 1915-1919 Cherry Street, Phila- 
delphia, Pa: 
Commission to Agent................... 1 375.00 ‘ 
Settlement Fee, net.................... 303.61 
29 178.61 
Sold 59/80ths of above property......... __21 519.19 
Property 1921-1929 Cherry Street and 1924- 
1930 Quarry Street, Philadelphia, Pa: 
$81 500.00 
Commission to Agent................... 4 075.00 
Settlement Fee, __ 1 525.12 
7 100.12 
Allocated to: 
79.83 48 520.29 87 020.29 244 811.05 
Liabilities and Funds 
Contributions from ASTM Funds.....................0.00cceeeeees 47 989.57 
Accumulated Income: 
Interest and Dividends on Investments............... $5 205.68 
Profit on Disposal of Securities, net.................. 76.27 
Profit on Sale of 59/80 1915-1919 Cherry 
18 430.47 
Less Interest on Loan from General 
Real Estate Taxes on Cherry Street 1 036.18 
150.00 5 197.14 13 233.33 
Loan payable to ASTM General Funds...............0cceeeeeeeeees 87 100.12 $322 045.37 
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INVESTMENTS 
As oF DECEMBER 11, 1953 
GENERAL Funps 


U.S. Treasury 244s 


Preferred Stocks 


67 American Airlines, Inc. 344s Cum. Conv................. 
50 Chicago, Rock Island & Pacific R. R. Co. 5s “A” Cum. 

50 Food Machinery and Chemical Co. 344s Cum. Conv 
60 Jones & Laughlin Steel Corp. 5% Cum. “A” 


é 
Common Stocks 

150 Allis-Chalmers Mfg. Co., no par value........ 


100 American Rad. & Std. Sanitary Corp 
_ 25 American Telephone & Telegraph Co................... 
- 125 Aluminum Co. of America 

100 Chase National Bank 

25 Climax Molybdenum 

17 Delaware Power & Light Co 
30 E. I. du Pont de Nemours & 
100 General Telephone Corp 

25 B. F. Goodrich 
Gulf Oil Co: 

50 Houston Lighting & Power 
50 International Nickel Co. of Canada.................... 

57 Pacific Gas & Electric Co 


40 Standard Oil Co. of New 
30 United Gas Improvement 
25 Weatinguoune Electric Comp... 


73 
e 
Cost or Market 
k Value Value 
$2 832.00 $2 960.00 
5 600.00 34 148.20 
5 496.53 3 350.00 
2 000.00 2 100.00 
15 004.69 15 070.31 
14 943.75 15 037.50 
14 962.50 15 046.88 
$90 839.47 $87 712.89 
$5911.55 $4 807.25 
4 434.60 4 650.00 
4 750.10 4 325.00 
5 386.73 5 130.00 
$20 482.98 $18 912.25 
$6 391.35 $6 675.00 
1 564.32 1 350.00 
3 798.72 3 906.25 
7 370.97 6 300.00 
2 323.58 2 122.50 
3 669.14 4 812.50 
4 820.70 7 562.50 
2 095.99 2 065.00 
6 104.75 4 786.88 
3 412.50 4 550.00 
1 017.38 : 
37.00 
1 484.79 
283.00 
3 944.32 
2 899.12 
1 801.50 
3 312.82 
1 647.31 
6 273.27 3 
1 244.42 
6 406.67 
2 008.70 1 775.00 ; 
4941.44 6 000.00 
2 646.41 2525.63 
83.82 83. 
2 623.35 5 587.50 
2 165.63 2 237.25 
5 915.67 7 968.75 
4 558.50 3 218.75 
2 152.93 2 418.75 
2 510.28 3 512.50 
2 234.45 831.25 
2 835.61 915.00 


® Market values were taken from current financial publications as of close of market December 11, 1953. : 


1 
2 

184.35 2 255.00 
2 


2 030.80 182.50 
2 719.78 2 725.00 

446.68 997 .50 
1 153.62 1 256.25 


$115 115.64 $131 179.03 


Par Value Bonds 
$4 000 Erie R. R. Co. Gen. Conv. Income “A” 414s 1/1/2015. . . 
35 600 U. S. Savings Bonds Series “G” 
5 000 Walworth fa 214e Came Tek 
; 2 000 
15 000 
15 000 
15 000 
Shares 
io 
ladelphia Electric Co..... 
lic Service Electric & Gas : 
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Cost or Market 
Por Value Mutual Funds (Bid only) all Book Value Values 
$5 375.04 $5 853.60 
3 531.288 Commonwealth Investing Co................0ceeeeeeees 24 814.42 23 412.44 
2 091 Eaton & Howard Balanced Fund 63 111.67 65 155.56 
1 011 Fundamental Investors, Inc..................0ceeeeees 18 269.34 19 249.44 
$111 570.47 $113 671.04 
ASTM Buitpinc Funp 
Par Value Bonds 
$8 500 U. S. Treasury 2}4s $8 632.83 $8 165.31 
5 000 U. S. Savings Bonds series “G” 2¥4s.................... 5 000.00 4 740.00 
$13 632.83 $12 905.31 
Par Value Bonds 
—-« $1:« S00 B. & O. R. R. Ref. & Gen. 5s series “M” 3/1/96........ $1 511.25 $1 151.25 
9 900 U. S. Defense Savings Bonds series “G” 2}4s............ 9 900.00 9 562.80 
2 000 U. S. Treasury 2}4s 2 000.00 1 938.75 
$13 411.25 $12 652.80 
Pe Shares Preferred Stocks 
33 American Airlines, Inc. 344s Cum. Conv................. $3 366.00 $2 367.75 
Shares Common Stocks 
160 Allis-Chalmers—no par $7 428.81 $7 120.00 
196 General Motors Corp.—Gift?. 6 504.75 11 539.50 
100 Jones & Laughlin Steel 2 636.06 2 025.00 
oo Ward Co... 3 151.63 3 086.88 
$19 721.25 $23 771.38 
_ Shares Mutual Funds 
295 Broad Street Investing Corp. ..........ccccccccccccens $5 962.83 $6 372.00 
; 347 Eaton and Howard Balanced Fund..................... 11 534.33 10 812.52 
$17 497.16 $17 184.52 
DupLEY MEDAL AND Marsurc LEcTURE FuND 
Par Value Bonds 
$500 B. & O. R. R. Ref. & Gen. Mtg. 6s series “J”? 12/1/95... $550.00 $447.50 
} 6 000 B. & O. R. R. Ref. & Gen. Mtg. 5s series “G” 12/1/95... 6 075.00 4 620.00 
» $6 625.00 $5 067.50 
RicHarp L. Awarp Funp 
35 Eaton and Howard Balanced Fund..................... $1 057.20 $1 090.60 


Par 


Par 


att 
4 « 

= 
4 
| 

is n and Howard Balanced Fund..................... $1 569.58 $1 620.32 
B® e income from these shares is, by agreement, paid to an annuitant. 
a 
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ComMITTEE Funps 


Cost or 
Book Value 
. S. Treasury Bonds 27s 3/15/60-55 
. S. Treasury Bonds 2}4s 12/15/69-64..... 
. S. Treasury Bonds 2s 3/15/70-65 
S. Treasury Bonds 24s 12/15/72-67 
S. Treasury Bonds series ““G” 244s dated 1/1/50 


X-RAY DIFFRACTION COMMITTEE 


20 000 U. S. Treasury Bonds 2s 12/15/54-52 


$33 925.00 


» 


te 


} 
Market 
) Par Value Value : 
$1 000 U $1 020.63 F | 
5 2 000 U 1945.00 
3 000 U 2 908.13 
- 3 000 U 2 $80.00 
5 000 U 4 740.00 
Par Val 
1 
3 | 


While the principal function of the 

_ Administrative Committee on Standards 
_is, perhaps, generally thought to be that 
of passing upon recommendations from 

_ the technical committees with respect to 
new tentatives and revisions in the 

- interim between Annual Meetings, its 
function is the broad one of supervising 
_ the standardization work of the Society 
_ in general. Several of these functions are 
indicated by and discussed under the 


4 subdivision headings of this report and 


include, for example, the consideration 

of the expansion of standardization 
activities and relations with other stand- 
ardizing groups, specifically the Ameri- 
can Standards Association and the 
_ standards organizations of other coun- 
3 
tries. The review of recommendations 
from technical committees, however, 
continues to be a most important func- 
tion, as a reference to the annual reports 
of the technical committees will indicate. 
Most of the annual reports refer to 
recommendations that have been sub- 
mitted to the Standards Committee 
during the year. These actions include 
74 new tentatives, revisions of 19 tenta- 
tives, tentative revisions of 21 stand- 
ards, 1 standard reverted to tentative, 
5 standards and tentatives withdrawn, 
and 14 emergency alternate provisions 
withdrawn. A large number of these 
_ recommendations were acted upon at a 
meeting held on September 9, 1953; 
the remainder were handled by cor- 
_ respondence. A further meeting of the 
- committee is planned for April 18. 
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COMMITTEE ON STANDARDS 


Actions at 1953 Annual Meeting: 


As a matter of record, the actions 
taken at the 1953 Annual Meeting with 
respect to standards and tentatives are 
tabulated below: 


Existing Tentatives Adopted as Standard.. 62 


Standards Revised... 54 
Standards Revised and Reverted to Tenta- 
Tentative Revisions of Standards.......... 28 
99 
Standards and Tentatives Withdrawn...... 9 


Form of Standards: 


The improvement of quality and form 
of standards continues to be an im- 
portant consideration of the committee. 
Editorial committees have been or- 
ganized by a number of the technical 
committees, and the Standards Com- 
mittee would wish to see this practice 
extended. Manuals covering the form 
of ASTM methods and specifications 
are in preparation which should be of 
considerable assistance to committees 
in this connection. These will also include 
some discussion of the objectives to be 
attained and of the general policies with 
respect to the writing of specifications 
and methods of test. 


EXPANSION OF STANDARDIZATION 
ACTIVITIES 


Of the projects referred to in the 
report of a year ago, organization has 
now been effected of the Joint Com- 
mittee on Soil Conditioners, set up under 
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the joint auspices of the ASTM and 
the Association of Official Agricultural 
Chemists. The interest of ASTM is 
primarily in the evaluation of these 
conditioners, whereas the AOAC is 
interested in identification tests. The 
committee is functioning under tem- 
porary officers with W. P. Martin of 
Ohio State University as temporary 
chairman, W. A. Raney of Mississippi 
State College as temporary vice-chair- 
man, and H. N. Stevens of B. F. Good- 
rich Chemical Co. as temporary secre- 
tary. 

For the most part, the personnel of 
the committee is made up of individuals 
selected because of their interest in con- 
ditioners, but in view of the joint nature 
of the committee there will be three 
official representatives from both the 
AOAC and ASTM on the Executive 
Committee. 

Gasket Materials—The Administra- 
tive Committee on Standards still has 
under consideration the question of the 
expansion of the Society’s work on 
gaskets. A number of nonmetallic ma- 
terials are now covered in the standards 
prepared under Committee D-11 on 
Rubber and Rubber-like Materials, 
some of the work having originated in 
the Joint Technical Committee (with 
SAE) on Automotive Rubber. In view 
of the current interest in metallic 
gasketing materials as well as the 
various combinations, there is some 
feeling that the work should be estab- 
lished in a separate committee, and this 
question is being explored, although 
generally it has been the ‘policy to look 
to existing committees in the assignment 
of new work whenever this is practical. 

Coated Fabrics.—In view of a proposal 
that a project be undertaken in the 
American Standards Assn. on plastic- 
coated fabrics, an inquiry to ASTM 
Committee D-20 on Plastics resulted in 
a general conference of the several 
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ASTM committees interested in coated 
fabrics, including Committee D-1 on 
Paint, Varnish, Lacquer, and Related 
Products; D-9 on Electrical Insulating 
Materials; D-11 on Rubber and Rubber- 
like Materials; D-13 on Textile Ma- 
terials; and Committee D-20. This 
conference resulted in the recommenda- 
tion that the work in this field be con- 
centrated in Committee D-11, since that 
committee already had work in progress 
on fabrics coated with rubber and simi- 
lar materials. The other committees 
will have representation on the ap- 
propriate subcommittee of Committee 
D-11, and the committee will look to 
these other committees for standards 
covering the basic materials, as for 
example, Committee D-13 for textiles, 
Committee D-20 for plastic coating 
materials, Committee D-1 for certain 
other types of impregnated materials. 
Committee D-9 will be responsible for 
any electrical tests. 

Reinforced Plastics and Plastic Pipe.— 
The Standards Committee has been 
interested in the extension of work 
taking place in Committee D-20 on 
Plastics. In view of a number of inquiries 
received with respect to plastic pipe 
and particularly in view of the need 
expressed by the ASA Chemical Industry 
Advisory Board for standards covering 
plastic pipe and reinforced plastics, 
Committee D-20 has reorganized its 
work on specifications; in place of a 
single Subcommittee VI on Specifica- 
tions, the following subcommittees will 
be organized: 

Subcommittee XV on Thermoplastic Mate- 

rials. 


Subcommittee XVI on Thermosetting Ma- 


terials. 

Subcommittee XVII on Plastic Pipe and 
Fittings. 

Subcommittee XVIII on Reinforced Plastics. 

Subcommittee XIX on Plastic Films and 
Sheeting. 
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It is proposed to organize Subcommit- 
tee XVII on Plastic Pipe and Fittings as 
a joint committee with the Society of the 
Plastics Industry and to have representa- 
tion on this committee, as well as on the 
reinforced plastics subcommittee, of a 
number of other organizations interested 
in these fields. 

Water Repellent Solutions.—Reference 
was made in the report of a year ago 
to the proposal that the Society under- 
take work on water repellent solutions 
for masonry surfaces. This work has 
been assumed by Committee C-15 on 
Manufactured Masonry Units, and the 
scope of the committee is being extended 
accordingly. 

Bituminous Flooring Emulsions.—In- 
quiry is being made of Committee D-4 
on Road and Paving Materials and 
Committee D-8 on Bituminous Water- 
proofing and Roofing Materials with 
respect to a proposal that the Society 
undertake work on bituminous flooring 
emulsions. 

Walkway Surfaces—Considerable em- 
phasis has been placed recently on the 
need for measuring the slipperiness or 
nonskid characteristics of walkway 
surfaces. While this subject is of rather 
a general nature and applies with respect 
to a number of materials, much attention 
is given to the wax treatment of floors. 
The Society’s Committee D-21 on Wax 
Polishes and Related Materials has 
been at work on the development of 
suitable test procedures so far as waxes 
are concerned. Work on the evaluation 
of floor finishes is accordingly being 
concentrated in that committee, and if 
satisfactory test procedures are de- 
veloped applicable in the case of waxes, 

these may lend themselves as general 
test procedures. Two methods have been 
published as information in the ASTM 
BULLETIN. 

Other Pending Proposals—At various 
times, inquiries have been received and 
proposals have been submitted with 


respect to the Society undertaking work 
in the field of ore sampling, surface 
chemistry, abrasives, ion exchange, 
heavy chemicals, and caulking com- 
pounds. 

Cooperative Kelations—To an ever 
increasing extent there is interlocking of 
interest among the technical committees, 
particularly in the nonmetallics field. 
This would be indicated from the dis- 
position of some of the items referred 
to above. Frequently the common in- 
terest is taken care of by cross repre- 
sentation between the committees and 
sometimes with joint jurisdiction over 
standards. Occasionally a joint com- 
mittee may be indicated, but wherever 
possible the primary jurisdiction is 
given to one of the existing technical 
committees with representation from 
the others concerned. Special coordinat- 
ing committees may need to be set up 
in certain areas. 


RELATIONS WITH AMERICAN 
STANDARDS ASSOCIATION 


Two methods under the procedure of 
the American Standards Association are 
used by ASTM in submitting recom- 
mendations to the ASA. One is a combi- 
nation of the so-called existing standards 
procedure and the proprietary sponsor- 
ship procedure. On the initial reference 
of an existing ASTM standard to the 
ASA, it is submitted under the existing 
standards procedure with a supporting 
statement giving a history of the de- 
velopment of the standard and indi- 
cating the degree of its acceptance. If 
the standard is approved as American 
Standard, the ASTM is granted pro- 
prietary sponsorship so far as any 
future revisions are concerned, and 
such revisions are brought to the at- 
tention of the ASA currently for approval 
under this proprietary sponsorship pro- 
cedure. 

The second method consists of having 
standards reviewed in a sectional com- 
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mittee made up of representatives of a 
number of interested organizations but 
with ASTM as sponsor or cosponsor 
for the sectional committee. 


Standards Submitted Under the Existing 
Standards Procedure: 


The following standards were sub- 
mitted to the American Standards Assn. 
for approval as American Standard 
under the existing standards procedure: 
3 standards dealing with nickel, nickel- 
copper, and nickel-chromium-iron pipe 
and tubing (B 161, B 165, and B 167); 
5 dealing with manufactured masonry 
units (C 32, C 43, C 126, C 159, and 
C 279); 1 dealing with clay pipe (C 211); 
1 dealing with aggregates for use in 
interior plaster (C 35); 1 dealing with 
gypsum partition tile or block (C 52); 
4 dealing with gaseous fuels (D 1136, 
D 1137, D 1142, and D 1145); Specifica- 
tions for ASTM Thermometers (E 1); 
and 3 hardness conversion tables (E 33, 
E 48, and E 93). 


Revised Standards Submitted Under the 
Proprietary Procedure: 


In view of the Society having been 
designated as proprietary sponsor for 
the revisions of ASTM Standards that 
had been approved as American Stand- 
ard under the existing standards pro- 
cedure, it has submitted to the American 
Standards Assn. during the year re- 
visions of the Specifications for Drain 
Tile (C 4); revisions of 3 standards re- 
lating to pigments (D 126, D 305, and 
D 475); 1 relating to soap (D 455); 
and 2 relating to vulcanized rubber 
(D 572 and D 573). 


Standards Submitted Under Sectional 
Committee Procedure: 


During the year, the following seven 
sectional committees, for which the 
Society is sponsor or cosponsor, took 
action to present recommendations to 
the ASA as follows: 


— 
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Sectional Committee Al on Hydraulic 
Cemenits.—This committee has recom- 
mended the approval as American 
Standard of 1 ASTM method, and the 
approval of revisions of 10 American 
Standards. 

Sectional Committee A37 on Road and 
Paving Materials—This committee has 
recommended the approval of revisions 
of 11 American Standards. 

Sectional Commiitee A88 on Magnesium 
Oxychloride Cement Flooring —This com- 
mittee has recommended the approval 
as American Standard of 17 ASTM 
standards. 

Sectional Commitiee C7 on Bare 
Electrical Conductors—This committee 
has recommended the approval as 
American Standard of 1 ASTM method, 
and the approval of revisions of 13 
American Standards. 

Sectional Committee C59 on Electrical 
Insulating Materials—This committee 
has recommended the approval of re- 
visions of 6 American Standards. 

Sectional Committee L14 on Textile 
Test Methods——This committee has 
recommended the approval of revisions 
of 6 American Standards, and the with- 
drawal of 3 American Standards. 

Sectional Committee Z11 on Petroleum 
Products and Lubricants——This com- 
mittee has recommended the approval 
as American Standard of 6 ASTM 
standards, the approval of revisions of 
14 American Standards, the withdrawal 
of 1 American Standard, and the re- 
affirmation of 10 American Standards. 

All of these reports have been referred 
to the American Standards Assn. Action 
is still pending so far as the recommenda- 
tions of Sectional Committee Li4 are 
concerned; the others have been ap- 
proved. 

In addition to these the following 
sectional committee, functioning directly 
under the sponsorship of the ASA Elec- 


trical Standards Board, has submitted 
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recommendations for consideration by 
the ASA: 

Sectional Commitiee C8 on Insulated 
Wires and Cables (Other than Telephone 
and Telegraph).—This committee has 
recommended the approval as American 
Standard of 12 ASTM standards, and 
the approval of revisions of 1 American 
Standard. 


New ASA Reviewing Body for ASTM 
Recommendations: 


Under the ASA procedure a number 
of committees have been set up in specific 
fields to act for the Standards Council 
on recommendations in these fields. 
For example, there is an Electrical 
Standards Board, Construction Stand- 
ards Board, Mechanical Standards 
Board, etc. Many of the Society’s 
recommendations have been cleared in 
the Miscellaneous Standards Board. 
Discussions in the American Standards 
Assn. looking toward facilitating the 
action on standards recommendations, 
particularly those submitted under the 
existing standards procedure, under 
which many ASTM standards are pre- 
sented to the ASA, led to the proposal 
that the members of the ASTM Ad- 
ministrative Committee on Standards, 
might be recognized by the ASA as a re- 
viewing body under its procedure. The 
Standards Committee members are fa- 
miliar with the recommendations sub- 
mitted since it has already approved 
their reference to the ASA. The ASA is 
accordingly planning to set up a new re- 
viewing group comprising the members of 
the ASTM Administrative Committee on 
Standards and two additional members 
designated by the ASA to consider and 
act on all ASTM _ recommendations 
formerly under the jurisdiction of the 
Miscellaneous Standards Board. This 
proposal has the approval of the ASTM 
Board of Directors and will shortly be 
put into effect. a 


INTERNATIONAL RELATIONS 


The Society continues to receive from 
other countries standards with the 
request for comment. ASTM commit- 
tees review these standards and fre- 
quently suggestions result. Apart from 
such informal cooperation, however, 
quite a number of proposals have been 
received through the American Stand- 
ards Association concerning projects 
that have been proposed under the 
International Organization for Stand- 
ardization (ISO) as follows: 

Textiles—Great Britain holds the 
general secretariat for ISO/TC 38 on 
Textiles but America holds the secre- 
tariat for several subcommittees. Ameri- 
can participation in this work of ISO/TC 
38 is being handled by a special com- 
mittee organized in the American Stand- 
ards Assn. under the sponsorship of 
ASTM and the American Association of 
Textile Chemists and Colorists, with 
representation from the various groups 
interested. This special committee has 
been given the designation “L23.” 

Meetings of the subcommittees on 
colorfastness and on shrinkage of 
fabrics in washing are scheduled early 
in June, 1954, in Scarborough, England. 

Petroleum Products——America holds 
the secretariat for ISO/TC 28 on Pe- 
troleum Products, the work of the secre- 
tariat being handled by Sectional Com- 
mittee Z11, of which ASTM is sponsor. 

A meeting of ISO/TC 28 was held in 
New York City in June, 1952, and the 
committee adopted as its scope of 
work “methods of sampling, methods of 
test, nomenclature, terminology, and 
specifications for petroleum and pe- 
troleum products.” 

Rubber—The secretariat for ISO/TC 
45 on Rubber is held by Great Britain. 
ASTM Committee D-11 is handling 
the American contacts with this ISO 
committee. A meeting of ISO/TC 45 is 
being held in London, England, June 
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28-30, 1954, at which it is expected 
America will have several delegates. 

Viscosity.—America holds the secre- 
tariat for ISO/TC 66 on Viscosity. The 
subcommittee on Rheological Properties 
of ASTM Committee E-1 is handling 
the work of the secretariat. 

Plastics—America holds the secre- 
tariat for ISO/TC 61 on Plastics. 
ASTM Committee D-20 is being looked 
to to handle the work of the secretariat 
and has organized for the purpose a 
special committee consisting of repre- 
sentatives of the various groups in- 
terested. 

A meeting of ISO/TC 61 is being 
held in Brighton, England, October 
4-8, 1954, at which it is expected America 
will have a number of delegates. 

Shellac.—Subcommittee XIII on Shel- 
lac of ASTM Committee D-1 has been 
set up as the American committee in 
charge of contacts with ISO/TC 50 on 
Lac for which India holds the secre- 
tariat. America has submitted a number 
of comments with respect to standards 
dealing with shellac that are now under 
consideration. 

A meeting of ISO/TC 50 is planned 
for October, 1954, in London, England, 

Solid Mineral Fuels—ASTM Com- 
mittee D-5 is handling American con- 
tacts with ISO/TC 27 on Solid Mineral 
Fuels. A meeting of this ISO committee 
was held in London, England, on No- 
vember 2-10, 1953, at which America 
was represented by W. A. Selvig (leader), 
U. S. Bureau of Mines; O. W. Rees, 
Illinois State Geological Survey; and 
W. M. Bertholf, Colorado Fuel and 
Iron Corp. Consideration was given at 
the meeting to tests for moisture, gross 
calorific value, carbon and hydrogen, 
total sulfur, nitrogen, swelling and 
caking, phosphorus, chlorine, arsenic, 
forms of sulfur, mineral matter, ash, 
volatile matter, and sampling. 

Tron and Steel—A meeting of ISO/TC 
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17 on Iron and Steel was held in New 
York City in June, 1952. Consideration 
was given to draft proposals on Brinell 
Hardness Test, Rockwell Hardness 
Test, Vickers Hardness Test, Bend Test, 
Charpy Impact Test, and Izod Impact 
Test. Members of ASTM Committee 
A-1 attended this meeting (as observers) 
together with members of Committee 
E-1 subcommittees on Indentation Hard- 
ness and Impact Testing. 

Chemisiry.—Several ASTM commit- 
tees have indicated an interest in the 
work of ISO/TC 47 on Chemistry, and 
draft proposals have been received which 
have been passed on to the committee. 

Laboratory Glassware.—Committee E-1 
has indicated that it favors American 
participation in the work of ISO/TC 
48 on the basis of an observer. 

Statistical Treatment of Series of 
Observations -ASTM Committee E-11 
favors American participation in the 
work of ISO/TC 69. This recommenda- 
tion is concurred in by the American 
Society for Quality Control, American 
Statistical Assn., and Institute of 
Mathematical Statistics. 

Mica.—Subcommittee IX on Mica of 
ASTM Committee D-9 has been set up 
to handle the American contacts with 
ISO/TC 56 for which India holds the 
secretariat. The subcommittee has sub- 
mitted comments with respect to stand- 
ards dealing with mica that are now 
under consideration. 

Copper and Copper Alloys——The Ad- 
visory Committee of ASTM Committee 
B-5 is being set up to handle the work of 
the secretariat for ISO/TC 26 on Copper 
and Copper Alloys. 

Paper—On the recommendation of 
ASTM Committee D-6 on Paper and 
Paper Products, America participates 
in the work of ISO/TC 6 on the basis of 


an observer. Copies of all proposals are — 


received and referred to Committee 
D-6 for its information. 
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Timber —ASTM Committee D-7 on 
Wood has indicated that it favors 
American participation in the work of 
ISO/TC 55 on Timber. 

Raw Materials for Paints, Varnishes, 
and Similar Products—ASTM Com- 
mittee D-1 on Paint, Varnish, Lacquer, 
and Related Products has indicated 
that it favors American participation 
in the work of ISO/TC 35. 

Asbestos-Cement Products.—ASTM 
Committee C-17 on Asbestos-Cement 
Products has indicated that it favors 
American participation in the work of 
ISO/TC 77 on the basis of an observer. 


The Administrative Committee on 
Standards was saddened by the sudden 
death just prior to the 1953 Annual 
Meeting of Mr. Lloyd B. Jones who had 
served as its chairman for three years. 


Mr. Jones contributed much to the 
work of the committee. He brought to 
it a wealth of experience in view of his 
many years of service with the Pennsyl- 
vania Railroad Co. as Assistant Engineer 
of Motive Power, Master Mechanic, 
and subsequently Engineer of Tests, 
and he had participated actively for 
many years in the work of various 
ASTM committees. The committee 
voted a commemorative resolution in 
his honor at its September, 1953, meet- 
ing. Mr. J. H. Foote was elected chair- 
man as Mr. Jones’ successor. 


Respectfully submitted on behalf of 
the committee, 


J. H. Foote, 
Chairman. 
R.E.HEss,; 
Secreary 
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The Administrative Committee on 
Research held one meeting during the 
year, at Society Headquarters on No- 
vember 24, 1953. 

At the November meeting, Bruce W. 
Gonser of Battelle Memorial Inst. was 
nominated for the office of chairman for 
the three-year term expiring in June, 
1957. This nomination was confirmed 
by letter ballot cf the committee. The 
terms of W. C. Voss and T. A. Boyd 
as members of the committee expire 
this June. Appointment of two new 
members will be made by the Board of 
Directors. 

The Research Fund has been aug- 
mented by a portion of the 1953 mem- 
bership fees of the Society, amounting 
to some $3500. This allocation of mem- 
bership fees to the Research Fund was a 
regular practice some years ago but was 
deferred in 1947, 1948, 1949, 1951, and 
1952. The present amount in the Princi- 
pal Account as of March 31, 1954, was 
$57,718. The Income Account (as of the 
same date) which is used for assisting 
the technical committees upon request 
was $6464. 

In addition to the $3000 from the 
entrance fees and a $187.74 dividend, 
the Principal Account was augmented 
during the past year by $500 bequeathed 
by the late Executive Secretary, C. L. 
Warwick. 

Recognizing how closely allied are the 
interests of ASTM and those of the 
National Research Council of the Na- 
tional Academy of Sciences, an article 
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outlining the activities of the National 
Research Council was published in the 
February, 1954, issue of the ASTM 
BuLtteTin. The Society is particularly 
close to the work of the Division of 
Engineering and Industrial Research of 
the Research Council and is represented 
in this Division by Bruce W. Gonser. 
It is also represented on the National 
Research Council Advisory Committee 
on Highway Research by K. B. Woods 
with W. S. Housel, alternate. An in- 
formal liaison is maintained with the 
NRC Building Research Advisory 
Board. The Society is also interested in 
the NRC Committee on Spectral Ab- 
sorption Data. 

The ACR is always gratified to know 
that progress is being made on various 
research projects with which it has been 
concerned, either through advice to the 
committee or, in some cases, by con- 
tributions of funds for the initiation of 
projects. 

The ASTM-ASME Joint Committee 
on Effect of Temperature on the Prop- 
erties of Metals has solicited some 
$80,000 to be used for research in this 
field. As a result of this work three 
valuable publications already have re- 
sulted, including one on the elevated 
temperature properties of stainless steels 
and another on the elevated temperature 
properties of chromium-molybdenum 
steels. 

Work has been started at Pennsylvania 
State University (formerly Pennsylvania 
State College) by Committee C-16 on 
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methods will 


Thermal Insulating Materials for re- 
search on the effect of moisture on ther- 


mal conductivity. 


Committee D-7 on Wood has initiated 
work on the Wood Pole Research Pro- 
gram at the U.S. Forest Products Lab- 
oratories. Concerning the financial status 
to date in round numbers, $68,000 has 
been actually received, most of which is 
on a one-year basis with commitments 
of repeat contributions made. The total 
estimated amount needed is $160,000. 

Committee B-4 on Electrical Heat- 
ing, Resistance, and Related Alloys, in 
cooperation with Committee E-3 on 


_ Chemical Analysis of Metals, has de- 
veloped methods for the analysis of six 


elements in cathede nickel. These 
be submitted to the 


Society for approval this June. The 


analysis of nickel cathodes, a particu- 
larly difficult problem, was discussed be- 


fore the Research Committee, and the 
present results stem partly from those 


early discussions. 
The Advisory Committee on Corro- 


_ sion is continuing its work of establish- 


ing and maintaining jurisdiction of the 


_ ASTM test sites and has indicated that 


its expenditures have been considerably 
less than originally estimated. 
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The “Review of ASTM Research,” 
which has been publicized by a number 
of journals, has been received with a 
great amount of interest as evidenced 
by the more than 1200 individual 
requests for copies which have been 
received. These requests represent 42 
countries. 

“Some Unsolved Problems,” which 
was distributed to about 3000 colleges 
and industrial and research laboratories, 
resulted in several hundred letters in 
response. Many of these suggested new 
fields of work or contained constructive 
comments bearing on the problems listed 
in the pamphlet. Many of the comments 
received were of sufficient interest to 
the ASTM membership as a whole 
that the ACR decided at its last meet- 
ing to publish a column in the ASTM 
BULLETIN under the title “ACR Notes.” 
The first of these columns appeared in 
the April, 1954, BULLETIN. 


Respectfully submitted on behalf of 
the committee, 
W. C. Voss, 
Chairman. 


J. S. PETTIBONE, 


va me 

Secretary. 
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REPORT OF ADMINISTRATIVE COMMITTEE ON 


AND PUBLICATIONS 


In the report of the Administrative 
Committee on Papers and Publications 
a year ago, mention was made of the 
backlog of material awaiting publica- 
tion that had resulted from the extensive 
program that marked the Fiftieth An- 
niversary Meeting of the Society. The 
past year has been devoted largely to 
the completion of the many special 
publications pending as well as taking 
care of a more than average amount of 
technical papers. Only two symposiums 
of the 1953 Annual Meeting are still 
pending, namely, the Symposium on 
Dynamic Testing of Soils (STP 156), 
which is virtually completed, and the 
very extensive Symposium on Effect 
of Temperature on the Brittle Behavior 
of Metals with Particular Reference to 
Low Temperatures (STP 158). The 
latter publication will be some 450 pages 
in size, the material for which has only 
recently been released by the committee 
in charge. All of the publications issued 
in the past year are listed below. 

It will be noted that a very consider- 
able number of the papers presented 
both at the Fiftieth Anniversary Meet- 
ing and at the 1953 Annual Meeting 
have been published as special technical 
publications. The technical paper por- 
tion of the Proceedings continues at a 
reasonably constant level, but the 
amount of technical material appearing 
in special technical publications in- 
creases. The decision to issue material 


in special technical publication form is 
based upon several considerations. The 
symposiums by and large lend them- 
selves admirably to this form of publica- 
tion. One of the criteria is that papers 
on a given subject should be definitely 
interrelated so that they will form a 
consistent unit when issued as an STP. 
One further consideration is that the 
papers usually deal with a _ special 
subject rather than one of general 
interest. The fact that they are issued 
as special publications makes it possible 
for the Society to publish more material 
of this nature than would otherwise 
be the case if all technical papers, for 
example, were to appear in the Pro- 
ceedings or in the ASTM Bouttetin. 
There have been several publication 
ventures during the past year that are 
of a very special nature. One of these 
is the issuance of sets of IBM cards 
which index the available infrared data 
on a large number of materials. It is 
expected that this will be extended 
during the current year to include IBM 
index cards of ultraviolet data. The 
Society has published for a number of 
years for the Joint Committee on Chemi- 
cal Analysis by Powder Diffraction 
Methods not only the data cards but 
an IBM index as well, and the new 
indices are quite similar in nature. An- 
other project has been the publication 
of Reference Radiographs for Inspection 
of Aluminum and Magnesium Castings 
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in the form of comparison films covering 
and magnesium castings; 
this is a companion to the radiographic 
7 standards covering steel castings. Work 
is now under way on an 850-page com- 
f pilation of viscosity index tables. 


_ Special Committee on Format: 


| Mention was made a years ago of the 

_ formation of a special committee to 

Teview the format and make-up of the 

_ Society’s publications. This committee 

| under the chairmanship of L. S. Reid 

. submitted recommendations, first, with 

respect to certain changes in the BuL- 

LETIN which have for the most part 

L been put into effect. Perhaps of special 

: note is the inclusion of biographies and 

photographs of authors of BULLETIN 

papers. Also recommended is the more 

| complete standardization of covers of 

| ASTM publications so that they will 


immediately be identified as such. It is 
proposed, for example, to standardize 
on blue cover stock for all Supplements 
to the Book of Standards and all com- 
pilations of standards. The special 
technical publications would all be 
issued in the sepia cover. 

A change has been made in the 
typography of the technical publications 
in that it is proposed to use a somewhat 
larger size of type than that heretofore 
employed for the smaller type size 
(footnotes and tables). 


Change in Size of Publications: 


The Administrative Committee is 
now giving consideration to a proposal 
_ that the size of publications be changed 

from the 6 by 9-in. size to the 8} by 
11-in. size. This had been proposed 
having primarily reprints of standards 
in mind, but the proposal carried with 
it a change in size for all publications. 
The views of the technical committees 
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were solicited, and many of these com- 
mittees have already commented. On 
the basis of the canvass and study that 
has been made, the Papers’ Committee 
is convinced that no change should be 
made in the size of the Society’s publica- 
tions in general, but it believes that there 
may be merit in the proposal to issue 
separate standards in the 8} by 11-in. 
size and this proposal is receiving further 
study. 


Presentation of Papers: 


Reference was made a year ago to a 
proposal to recognize good presentation 
of papers in order to encourage better 
presentations on the part of authors and 
thereby improve the character and 
interest in technical sessions. The plan, 
drawn up by a special committee under 
the chairmanship of R. C. Adams, 
provides for reporters at each of the 
sessions, by means of check marks and 
one word replies, to complete a com- 
prehensive statement on items usually 
concerned with effective presentation. 
While this was instituted purely on a 
trial basis a year ago without fore- 
knowledge on the part of authors, the 
plan evoked considerable interest and 
proved to be quite practical. It will be 
given a more extensive trial at the 
approaching Annual Meeting. Announce- 
ments concerning it have appeared in 
the ASTM ButLtetin, and each author 
will be advised in advance that presenta- 
tions are being evaluated. 


Meetings: 
Two meetings of the Administrative 
Committee on Papers and Publications 
have been held during the year, one on 
November 18, 1953, and the other on 
February 11, 1954. In all the Papers 
Committee reviewed and accepted for 
papers. 
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REPoRT ON PAPERS AND PUBLICATIONS 


RECORD OF PUBLICATIONS ISSUED 


Tats YEAR 
Regular Publications: & 


1953 Proceedings, 1209 pp., 8000 copies. 

1953 Supplements to Book of Standards: 
Part 1, 379 pp., 13,500 copies. Fa! 
Part 2, 288 pp., 11,000 copies. 
Part 3, 399 pp., 
Part 4, 174 pp., 
Part 5, 347 pp., 
Part 6, 205 pp., 8200 copies. 
Part 7, 307 pp., 8500 copies. 

1953 Year Book, 644 pp., 7400 copies. 

1953 Index to ASTM Standards, 300 pp., 23,000 
copies. 

ASTM BuLteti, 8 issues (May, 1953, to April, 
1954), total number of pages 724, average 
number of copies 11,212 (254 pages of tech- 
nical papers). 


copies. 


8400 copies. 


A statement of the volume of the 
principal publications for the past four 
years is given below: 


| 

1950- | 1951-| 1952- | 1953- 

Publications 1951 | 1952 | 1953 | 1954 
Pages |Pages| Pages | Pages 


1480 | 1332 | 1335 | 1209 
Book of ASTM Standards...| .... | .... | 9976] .... 
Su ts to Book of 

ASTM Methods of Chemical 

Analysis of Metals........ 486 | .... 

Index to ASTM Standards...| 274 | 282 300 | 300 
Year Book 588 | 608 632 | 644 


Special Technical Publica- | 
1606 | 2604 

Other Special Publications..| 886 16 | 1182 | 938 
TM BULLETIN..... 716 | 724 

15 747 | 8518 


Special Compilations of Standards Pub- 
lished from April 15, 1953, to April 
15, 1954: 


ASTM Standards on Electrical Heating, Re- 
sistance, and Related Alloys (B-4), 244 pp., 
1000 copies. 

ASTM Standards on Electrodeposited Metallic 
Coatings (B-8), 95 pp., 2000 copies, plus 3000 
copies for International Nickel Co. 

ASTM Standards on Petroleum Products and 
Lubricants (D-2), 916 pp., 6500 copies. 

ASTM Standards on Gaseous Fuels (D-3), 184 
pp., 1200 copies. 

ASTM Standards on Bituminous Constructional 
Materials (D-4, D-8), 434 pp., 1000 copies— 
published July, 1953; Supplement published 
March, 1954, consisting of 13 pp., 750 copies. 


ASTM Standards on Paper and Paper Products 
and Shipping Containers (D-6, D-10), 395 
pp., 1200 copies. 

ASTM Standards on Wood (D-7), 366 pp., 1500 


copies. 

ASTM Standards on Textile Materials (D-13), 
696 pp., 2000 copies. 

ASTM Standards on Engine Antifreezes (D-15), 
48 pp., 1200 copies. 


Special Compilations in Prospect: 


ASTM Specifications for Steel Piping Materials 
(A-1), 370 pp., 300 copies. 

ASTM Standards on Cement (C-1), 266 pp., 
2250 copies. 

ASTM Standards on Paint, Varnish, Lacquer, 
and Related Products (D-1), Supplement, 
80 pp., 2000 copies. 

ASTM Standards on Plastics (D-20), 700 pp., 
2000 copies. 


Special Publications Issued: 


Summary of Proceedings of the Fifty-sixth 
Annual Meeting, 30 pp., 7600 copies. 

1953 Marburg Lecture, “An Excursion in 
Petroleum Chemistry,” by F. D. Rossini, 
35 pp., 3000 copies. 

1953 Gillett Lecture, ‘“Micrometallurgy—The 


Metallurgy of Minute Additions,” by Jerome — 


Strauss, 23 pp., 4000 copies. 

Symposium on Strength and Ductility of Metals 
at Elevated Temperatures (STP 128), 254 
pp., 3000 copies. 

Symposium on Continuous Analysis of In- 


dustrial Water and Industrial Waste Water — 


(STP 130), 60 pp., 2000 copies. 

Symposium on Plastics Testing—Present and 
Future (STP 132), 75 pp., 2000 copies. 

Symposium on Conditioning and Weathering 
(STP 133), 104 pp., 2500 copies. 

Symposium on Tin (STP 141), 115 pp., 2000 


copies. 

Symposium on Exchange Phenomena in Soils 
(STP 142), 80 pp., 2000 copies. 

Symposium on Light Microscopy (STP 143), 132 
pp., 2500 copies. 


Symposium on Fretting Corrosion (STP 144), © 


88 pp., 2500 copies. 
Symposium on Interpretation of Non-Destruc- 
tive Tests (STP 145), 104 pp., 2500 copies. 


Fifty Years of Paint Testing (STP 147), 51 pp., 


2500 copies. 


Symposium on Chemical Analysis of Inorganic — 


Solids by Means of the Mass Spectrometer 

(STP 149), 39 pp., 2000 copies. 
Bibliographical Abstracts of Methods for Analy- 

sis of Synthetic Detergents (STP 150), 19 pp., 


2000 copies. > 
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Report on the Elevated Temperature Proper- 
7 ties of Chromium-Molybdenum Steels (STP 
151), 212 pp., 2500 copies. 
Symposium on Insulating Oils (Fifth Series) 
(STP 152), 51 pp., 2000 copies. 

‘ Symposium on Porcelain Enamels and Ceramic 

Coatings as Engineering Materials (STP 153), 
pp., 2000 copies. 

4 Symposium on Lateral Load Tests on Piles 


(STP 154), 107 pp., 2000 copies. 
Symposium on Techniques for Electron Metal- 
lography (STP 155), 150 pp., 2000 copies. 
Symposium on Fluorescent X-ray Spectro- 
_ graphic Analysis (STP 157), 74 pp., 2000 
copies. 
_ Bibliography of Fatigue References (STP 9-C), 
48 pp., 250 mimeographed copies. 
"Bibliography on Speed of Testing, 20 pp., 500 
mimeographed copies. 
Cumulative Alphabetical and Grouped Nu- 
merical Index of X-ray Diffraction Data 
(STP 48-D), 651 pp., 1000 copies. 
| Fifth Set of X-ray Diffraction Cards (STP 
48D), 800 cards, 900 sets. 
- Manual on Measurement and Sampling of 
Petroleum and Petroleum Products, 147 pp., 
5000 copies. 
Proposed Procedures for Emission Spectro- 
chemical Analysis, 317 pp., 2500 copies. 
Index to the Literature on Spectrochemical 
Analysis, Part III, 230 pp., 2500 copies. 
ASTM Viscosity Tables for Kinematic Vis- 
cosity Conversions and Viscosity Index Cal- 
culations (STP 43-A), 62 pp., 5500 copies. 
- ASTM-Wyandotte Infrared Index Cards, 7705 
cards. 

Numerical Index of Abstracted Infrared Spectra 
Indexed on Wyandotte ASTM Punched 
Cards, 32 pp., 500 copies. 

Codes and Instructions for Wyandotte-ASTM 

Punched Cards, 28 pp., 1000 copies. 

- Reference Radiographs for Inspection of Alu- 

minum and Magnesium Castings, 62 pp. plus 
107 negatives, 25 copies. 

ASTM Manual on Calibrating Liquid Contain- 
ers—Upright Tanks, 102 pp., 2000 copies. 


Special Publications in Prospect: 


Symposium on Dynamic Testing of Soils (STP 
156), 253 pp., 2000 copies. 
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Symposium on Effect of Temperature on the 
Brittle Behavior of Metals with Particular 
Reference to Low Temperatures (STP 158), 
450 pp., 2000 copies. 

Symposium on Radioactivity—Isotopes and 
Tracer Techniques (STP 159), 72 pp., 2000 
copies. 

Report on Elevated Temperature Properties on 
Selected Super-Strength Alloys (STP 160), 
2500 copies (size not yet determined). 

Bibliography on Electrical Contacts (STP 
56-G), 79 pp., 1200 copies. 

Appendix to ASTM Manual of Engine Test 
Methods for Rating Fuels, 44 pp., 3000 


copies. 

Viscosity Index (STP 42-A), 850 pp., 5000 
copies. 

Symposium on Diesel Fuels (STP 161), 52 pp., 
2000 copies. 

Symposium on Color of Transparent, Trans- 
lucent Products (STP 162), 55 pp., 2000 
copies. 


Reprints: 

Cotton Yarn Appearance Standards, Series 1— 
50; 2—90; 3—90; 4—90; 5—-60. 

Radiography of Steel Castings, 50 sets each of 
X-ray and Gamma ray, 32 negatives in each. 


CuRRENT ACTIVITIES 


The program in prospect for the 1954 
Annual Meeting, with a number of 
symposiums scheduled as listed below, 
is again well rounded. 


Symposium on Coal Sampling. 

Symposium on Temperature Stability of Elec- 
trical Insulating Materials. 

Symposium on Odor. 

Symposium on Permeability of Soils. 

Symposium on Effect of Cyclic Heating and 
Stressing of Metals at Elevated Temperatures. 

Symposium on Methods of Testing Construc- 
tions. 

Significance of Tests of Concrete. 


Respectfully submitted on behalf of 
the committee, 
R. E. HEss, 
Chairman. 
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DISTRICT ACTIVITIES 


Twenty-five ASTM District Meetings 
were held during the June, 1953, to 
June, 1954 year, sponsored by the 14 
districts; this includes the Washington, 
D. C., meeting held in conjunction 
with the ASTM Spring Meeting. Guest 
speaker at this meeting was Mr. Charles 
S. Thomas, then Assistant Secretary of 
Defense, Logistics and Supply, who 
addressed more than 275 ASTM mem- 
bers and guests and their wives on 
“Standardization in the Department of 
Defense.” The only districts that did not 
hold meetings during the year were 
Chicago and Cleveland. 

The Philadelphia District Council, 
in addition to sponsoring three District 
Meetings, acted as host for the Fifty- 
sixth Annual Meeting held in Atlantic 
City. The council planned the ladies’ 
entertainment and handled details of 
the annual dinner, underwriting and 
sponsoring the entertainment program. 

Other examples of how the districts 
and their councils aid in national meet- 
ings should be noted. The Chicago 
District Council provided the nucleus 
for the expanded Committee on Ar- 
rangements for the 1954 Annual Meeting 
and Exhibit. And for the 1956 Second 
Pacific Area National Meeting being 
held in Los Angeles, September 16-22, 
1956, both the Southern and the 
Northern California District Council 
memberships were the basis on which 
the general committee has been set up. 


President L. C. Beard, Jr., made an 
extended series of addresses on behalf of 
the Society, speaking at 14 locations 
throughout the country. Several of his 
engagements were in areas which here- 
tofore have not been privileged to hear 
an ASTM president. These included 
Dallas, Tex. (Southwest), the Tacoma- 
Seattle, Wash., area, Indianapolis, Ind. 
(Ohio Valley), and Storrs, Conn. (New 
England). A joint meeting was held in 
Richland, Wash., with the American 
Society of Mechanical Engineers, Ameri- 
can Institute of Chemical Engineers, 
American Society for Metals, and the 
American Chemical Society. The stop- 
over in Richland was highly successful 
and was the third time in as many years 
that an ASTM president has spoken 


in that area. President Beard’s other © 


engagements included the New York, 
Pittsburgh, Western New York-Ontario 
(Buffalo), St. Louis, Southwest (Hous- 
ton), Southern California (Alhambra), 
Northern California (Berkeley), Phila- 
delphia (Wilmington, Del.), and Detroit 
Districts. His talk, “Something Has 
Been Added,” was directed to the 
average technical man rather than to 
those most familiar with the petroleum 
and petrochemical fields. His presenta- 
tion was essentially the same at all 
locations except Storrs, where he gave 
a shorter address on “Some Highlights 
of Petroleum Technology.” 

Many of the more successful district 
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meetings have been held in conjunction 
with local chapters of other societies 
such as the National Association of 
Corrosion Engineers, American Society 
for Metals, Engineers Club of St. Louis, 
Society of Automotive Engineers, Ameri- 


_ can Society of Lubrication Engineers, 


American Chemical Society, American 


_ Society of Chemical Engineers, American 


Society for Quality Control, and Tech- 
nical Association of the Pulp and Paper 
Industry. The details of the district 


ings included in the body of the Board 
of Directors’ report. 

The Administrative Committee on 
= Activities sponsored, as it has 
for the past several years, a meeting 
during the Annual Meeting attended by 
- the officers of the various ASTM districts 
of the Society. A meeting of the ACDA 
was also held during the Annual Meeting 
in a number of suggestions resulted, 


ig i are listed in the table of meet- 


aimed towards facilitating the work of 
the various districts. Beginning with the 
1954 elections of district councilors, 
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those nominees who have had previous 
service on the council will be so indicated 
on the ballot. The ACDA accepted the 
offer of the Administrative Committee 
on Research to prepare a list of potential 
speakers for distribution to various 
districts. This should be helpful to the 
program chairmen in selecting a suitable 
program. 

For each district meeting, printed 
notices were prepared and distributed. 
Even though many of those receiving 
the notices may not have been able to 
attend the meeting, they were apprised 
of the speaker and the subject and, 
through the listing of the councilors of 
the ASTM district, each would have 
information on those who are responsible 
for directing the district work in that 
locale. 


Respectfully submitted on behalf of 
the committee, 
C. M. GAmMBRILL, 
Cc hes rman. 
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Since the July 3, 1953, meeting of 
Committee A-1 on Steel, many im- 
portant items on standardization of 
steel products have been approved by 
the Administrative Committee on Stand- 
ards. These are outlined in another sec- 
tion of the report. Suffice it to say that 
45 separate actions by the Administra- 
tive Committee were involved. In the 
1952 Report of Committee A-1 to the 
Society 31 actions were requested. This 
trend of submitting more actions to the 
Administrative Committee on Standards 
than to the Society at the Annual Meet- 
ing has continued for about three years 
in Committee A-1. 

One of the important series of actions 
taken was the withdrawal of Emergency 
Alternate Provisions covering alternate 
compositions for alloy steel bars and 
Emergency Alternate Provisions per- 
mitting a decrease in the molybdenum 
content of some of the alloy steel piping 
materials for high-temperature service. 
These withdrawals came as a result of 
the lifting of government restrictions on 
nickel and molybdenum. 

Other withdrawals included the Tenta- 
tive Methods and Definitions for Me- 
chanical Testing of Steel Bars (A 330 - 
51 T)! and the Tentative Methods and 
Definitions for Mechanical Testing of 
Structural Steel (A 359-52T).! The 
provisions in these documents have been 
incorporated in the Tentative Methods 
and Definitions for the Mechanical Test- 


* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 
11952 Book of ASTM Standards, Part 1. 
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ing of Structural Steel (A 370-53 T).? 
Appended to this report is a proposed 
Supplement III to Methods A 370 cover- 
ing testing methods and definitions 
peculiar to steel fasteners.’ 

Three new specifications, all of par- 
ticular significance, have been approved 
for publication, including the Tentative 
Specifications for Ferritic Alloy Steel 
Forged and Bored Pipe for High-Temper- 
ature Service (A 369 — 53 T),? Tentative 
Specifications for Carbon and Alloy 
Steel Forgings for Pressure Vessel Shells 
(A 372 - 53 T),? and the Tentative Speci- 
fication for Structural Steel for Welding 
(A 373 —54 T).4 

The mid-winter meeting of Committee 
A-1 was held in Pittsburgh on January 
27, 1954. Fifteen subcommittees and 
sections met on January 25 and 26. The 
attendance was excellent, and the many 
actions taken are covered in the Ap- 
pendix to this report.® 

Personnel.—As a result of personnel 
changes during the past year, the com- 
mittee consists of 295 voting members, — 
including 133 producers, 119 consumers, — 
and 43 general interest members. 

At the July 3, 1953, meeting N. L. 
Mochel resigned as chairman of Com- 
mittee A-1 after 15 years continuous | 
service in that capacity. Also, because 
of retirement, T. G. Stitt resigned his 


21953 Supplement to Book of ASTM 
Standards, Part 1. 

3 The proposed revision was accepted by the 
Society and appears in the 1954 Supplement to © 
Book of ASTM Standards, Part 1. 

4 Available as a separate reprint. 

5 See p. 97. 
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= positions as Vice-Chairman of Com- 
_ mittee A-1 and Chairman of Subcom- 
mittee IX on Steel Tubing and Pipe. 
The officers elected to fill the vacancies 
_ in the terms of Committee A-1 officers 
until 1954 were H. B. Oatley, Great 
Neck, L. I, N. Y., as chairman; and 
W. F. Collins of the New York Central 
System, and C. E. Loos of the United 
_ States Steel Corp., as vice-chairmen. 

In deference to his 15 years of out- 
standing service, Mr. Mochel was pre- 
sented at the Pittsburgh meetings of 
Committee A-1 with an engraved silver 
platter and an engrossed scroll signed 
by many of the Committee A-1 members. 

Subcommittee IV on Spring Steel and 
_ Steel Springs lost a very able leader when 
_(C. T. Edgerton resigned as chairman 
after 15 continuous years in that ca- 
_ pacity. T. R. Weber of the Railway 
Spring Division, American Locomotive 
Co., has accepted appointment as the 
new chairman. 

In Subcommittee IX, because of the 
retirement of T. G. Stitt, C. L. Clark 
of the Timken Roller Bearing Co. was 
appointed as the new chairman. Mr. 
Stitt had served 19 continuous years as 

_ chairman of Subcommittee IX. H. R. 
Redington, National Tube Co., was 
appointed vice-chairman and secretary, 

and R. K. Akin, Combustion Engineer- 
ing, Inc., was appointed consumer vice- 

_ J. R. LeCron, Bethlehem Steel Co., 
is the new vice-chairman of Subcom- 
‘mittee XI on Steel for Boilers and Pres- 

Vessels. 

In view of his appointment as the new 
chairman of Subcommittee IX, C. L. 
Clark relinquished his office as secretary 
of Subcommittee XXII on Valves, 
Fittings, Piping, and Flanges for High 

Temperature and Subatmospheric Tem- 
peratures, and C. J. Boyle of the General 

. Co. was appointed in his place. 
_ In recognition of their long and ef- 

“ ficient service to Committee A-1, T. G. 
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Stitt, C. T. Edgerton, and A. E. White 
have been elected as honorary members 
of the committee. 

During the year M. B. Higgins of the 
Texas Co. (now retired), W. S. Scott of 
the Republic Steel Corp., and G. A. 
Remley of Westinghouse Electric Corp. 
were elected to special two-year terms 
on the Advisory Committee. 

Other special appointments during the 
year included J. J. Kanter to represent 
Committee A-1 on Committee E-8 on 
Nomenclature and Definitions, W. H. 
Mayo to represent Committee A-1 on 
Committee E-11 on Quality Control of 
Materials, and H. L. Fry to represent 
Committee A-1 on Subcommittee I on 
Calibration of Mechanical Testing Ma- 
chines and Apparatus of Committee E-1. 

With great regret the committee re- 
cords the death during the past year of 
several present and former well-known 
members, including Werner Finster, 
John Howe Hall, Lloyd B. Jones, Ray- 
mond D. Lepley, Thomas D. Sedwick, 
Robert W. Steigerwalt, and Horace G. 
Swan. Both Mr. Jones and Mr. Steiger- 
walt were honorary members of the 
committee. 

Before his retirement in 1948, Mr. 
Jones was Engineer of Tests for the 
Pennsylvania Railroad and gave un- 
stintingly the benefit of his knowledge 
and sound judgment in the operation 
of Committee A-1. 

Mr. Steigerwalt, before his retirement 
in 1952, was metallurgical engineer in 
charge of railroad materials and com- 
mercial forgings for the United States 
Steel Corp. He served as chairman of 
Subcommittee VII on Rolled Steel 
Wheels and Steel Tires for 24 consecu- 
tive years, from 1928 to 1952. 

John Howe Hall was a pioneer in the 
heat treatment of steel and contributed 
in many ways to the development of the 
steel founder’s art. Since 1945 he had 
been engaged in consulting practice. 

Werner Finster was Chief Metallurgist, 
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Textile Machine Works, Foundry Divi- 
sion, but during his activity in Com- 
mittee A-1 several years ago, he repre- 
sented the American Chain and Cable 
Co. Mr. Swan was Engineer of Tests, 
Gould Coupler Works, The Symington- 
Gould Corp., and had represented his 
company on the committee since 1947. 
Mr. Lepley, Construction Engineer, 
Atlantic Refining Co., was extremely 
active in subcommittee work on tubular 
products and piping materials. He had 
been a member of the committee for 15 
years, since 1938. Before retirement, Mr. 
Sedwick had been Engineer of Tests, 
Chicago, Rock Island, and Pacific Rail- 
way Co. He had been a member of the 
Society since 1916 and for a great number 
of those years active in Committee A-1. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


On September 9, 1953, the Administra- 
tive Committee on Standards accepted 
the recommendation of Committee A-1 
that the Emergency Alternate Provisions, 
relating to molybdenum content in the 
following specifications be withdrawn: 


Specifications for: 


Forged or Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
High-Temperature Service (A 182 - 53 T), 

Alloy-Steel Castings for Pressure Containing 
Parts Suitable for High-Temperature Service 
(A 217 - 53 T), 

Seamless Ferritic Alloy Steel Pipe for High- 
Temperature Service (A 335 - 52a T), 

Ferritic Steel Castings for Pressure Containing 
Parts Suitable for Low-Temperature Service 
(A 352 - 52 T), 

Seamless Low-Carbon and Carbon-Molybdenum 
Steel Still Tubes for Refinery Service (A 161 - 
53 T), 

Seamless Cold-Drawn Intermediate Alloy-Steel 
Heat-Exchanger and Condenser Tubes (A 199 
-52T), 

Seamless Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200 - 53 T), 

Seamless Carbon-Molybdenum  Alloy-Steel 

Boiler and Superheater Tubes (A 209 - 51 T), 


On STEEL 


Seamless Alloy Steel Boiler, Superheater, and 
Heat Exchanger Tubes (A 213 - 52 T), and 
Electric-Resistance- Welded Carbon- Molybde- 
num Alloy-Steel Boiler and Superheater 

Tubes (A 250 - 53 T). 


The following recommendations sub- 
mitted by Committee A-1 were ac- 
cepted by the Administrative Com- 
mittee on Standards on December 16, 
1953: 


Tentative Specifications for: 


Ferritic Alloy-Steel Forged and Bored Pipe for 
High-Temperature Service (A 369-53 T), 
and 

Carbon and Alloy-Steel Forgings for Pressure 
Vessel Shells (A 372 - 53 T). 


Revision of Tentative Specifications for: 


General Requirements for Structural Steel 
(A6-53 T), 

Seamless Cold-Drawn Low-Carbon Steel Heat- 
Exchanger and Condenser Tubes (A 179 - 
53 T), 

Alloy-Steel Bolting Materials for High-Tempera- 
ture Service (A 193 - 53a T), m 

Seamless Cold-Drawn Intermediate Alloy-Steel 
Heat-Exchanger and Condenser Tubes 
(A 199 - 53 T), : 

Seamless Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200 - 53a T), 

Seamless Alloy-Steel Boiler, Superheater, and 
Heat-Exchanger Tubes (A 213 - 53 T), 

Electric-Resistance-Welded Steel Heat-Ex- 
changer and Condenser Tubes (A 214 - 53 T), : 

Carbon Steel Forgings for Locomotives and > 
Cars (A 236 - 53 T), 

Low-Alloy Structural Steel (A 242 - 53 T), 

Welded Austenitic Stainless Steel Boiler, Su- — 
perheater, Heat Exchanger and Condenser — 
Tubes (A 249 - 53a T), 

Quenched and Tempered Steel Bolts and Studs — 
with Suitable Nuts and Plain Washers 
(A 325 - 53 T), 

Seamless Ferritic Alloy-Steel Pipe for High- — 
Temperature Service (A 335 - 53 T), 

Low-Carbon High-Nickel Steel Plate for Pres- 
sure Vessels (A 353 - 53 T), and 

Quenched and Tempered Alloy-Steel Bolts and — 
Studs with Suitable Nuts (A 354 - 53a T). 


Withdrawal of Tentative: 


Methods for Mechanical Testing of Structural — 

Steel (A 359 - 52 T), and _ 
Methods and Definitions for Mechanical Test- 7 
ing of Steel Bars (A 330 - 51 T). 
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Withdrawal of Emergency Alternate Provisions in 
Specifications for: 

Heat-Treated Alloy-Steel Bars (EA-A 286), 

Alloy-Steel Bars to End-Quench Hardenability 
Requirements (EA-A 304), 

Hot-Rolled Alloy-Steel Bars (EA-A 322), and 

Cold-Finished Alloy-Steel Bars (EA-A 331). 


The new and revised specifications ap- 
pear in the 1953 Supplement to Book of 
ASTM Standards, Part 1, bearing the 
designations indicated above. 
On January 13, 1954, the Administra- 
tive Committee on Standards accepted 
the following recommendations of Com- 
mittee A-1: 


Revision of Tentative Specifications for: 


Open-Hearth Iron Plates of Flange Quality 
(A 129 - 53 T), 

Carbon-Silicon Steel Plates of Intermediate 
Tensile Ranges for Fusion-Welded Boilers 
and Other Pressure Vessels (A 201 - 53 T), 

Chromium-Manganese-Silicon (CMS) Alloy- 

} Steel Plates for Boilers and Other Pressure 

Vessels (A 202 - 53 T), 
- Nickel-Steel Plates for Boilers and Other Pres- 
sure Vessels (A 203 - 53 T), 
- Molybdenum-Steel Plates for Boilers and Other 

_ Pressure Vessels (A 204 - 53 T), 

High Tensile Strength Carbon-Silicon Steel 
Plates for Boilers and Other Pressure Vessels 
(A 212-53 T), 

Manganese-Vanadium Steel Plates for Boilers 
and Other Pressure Vessels (A 225 - 53 T), 
Low and Intermediate Tensile Strength Carbon- 
Steel Plates of Flange and Firebox Qualities 
(Plates 2 in. and Under in Thickness) (A 285 - 

53 T), 

High Tensile Strength Carbon-Manganese- 
Silicon Steel Plates for Boilers and Other Pres- 
sure Vessels (A 299 - 53 T), 

Chromium-Molybdenum Steel Plates for Boil- 
ers and Other Pressure Vessels (A 301 — 53 T), 

Manganese-Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 302 - 53 T), 
and 

Low-Carbon High-Nickel Steel Plate for Pres- 
sure Vessels (A 353 ~ 53 T). 


The revised specifications appear in 
the 1953 Supplement to Book of ASTM 
Standards, Part 1, bearing the designa- 
tions indicated above. 

On March 31, 1954, the Administra- 
tive Committee on Standards accepted 
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the Tentative Specification for Structural 
Steel for Welding (A 373-54T). The 
new specification is available as a sepa- 
rate reprint. 


RECOMMENDATIONS AFFECTING 
STANDARDS 

Committee A-1 is presenting for pub- 
lication 3 new tentatives and is recom- 
mending the revision of 30 tentatives 
and 11 standards, and the adoption as 
standard of 26 tentatives and 1 tentative 
revision of a standard. In addition one 
standard is recommended to be reverted 
to tentative with revision and one tenta- 
tive to be withdrawn. 

The standards and tentatives affected, 
together with the revisions recom- 
mended, are given in detail in the Ap- 
pendix.® 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


The over-all activity of the committee 
is too broad to be covered in detail, but 
several of the more important functions 
are discussed below: 

Subcommittee IV on Spring Steel 
and Steel Springs continues to study two 
new specifications for chromium-silicon 
steel wire, one for valve spring quality 
and the other for commercial quality. 
These will probably be ready for publica- 
tion late in 1954 or early in 1955. 

New bend test requirements. for de- 
formed bars covered by Tentative Speci- 
fications A 15 for Billet Steel Concrete 
Reinforcement have been under dis- 
cussion in Subcommittee V on Steel 
Reinforcement Bars for several years. 
It is expected that this proposed action 
will be consummated very shortly. 

Subcommittee VI on Steel Forgings 

® The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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and Billets is emerging from a difficult 
situation created by the Tentative Speci- 
fication A 21 for Carbon-Steel Axles for 
Cars and Tenders.' If the requirements 
were revised to bring the specification 
into agreement with the AAR Specifica- 
tion M-101, the producers of axles for 
general industrial use and export would 
be unable to use the A 21 specification. 
It has been decided to bring Specification 
A 21 into line with AAR requirements 
and to draft a new specification for car- 
bon steel axles for general industrial use 
and export. The trade association in the 
closed die forging industry has been 
contacted by Subcommittee VI, and has 
agreed to cooperate in organizing a task 
group to prepare a general specification 
for this product. 

A new specification for high-strength 
electric fusion welded pipe for gas trans- 
mission line service is being developed 
in Subcommittee IX on Steel Tubing 
and Pipe, in answer to a request by the 
ASA Sectional Committee B 31 on Code 
for Pressure Piping. Subcommittee XXII 
on Valves, Fittings, Pipings and Flanges 
for High Temperatures and Subatmos- 
pheric Temperatures is drafting a speci- 
fication for forged and bored seamless 
austenitic steel pipe for high-temper- 
ature service. 

Subcommittee XV on Bar Steels is 
developing a general requirement speci- 
fication for bar steels, along the lines of 
Specification A 6 for Structural Steel? 


Epitoriat Note 


Tentative Specifications for: 


Revision of Tentative Specifications for: 


Qualities (A 20 - 52 T), 


Subsequent to the Annual Meeting, Committee A-1 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


Metal-Are Welded Steel Pipe for High-Pressure Transmission Service (A 381 — 54 


Billet-Steel Bars for Concrete Reinforcement (A 15 — 54 T), 
General Requirements for Delivery of Rolled Steel Plates of Flange and Firebox 


Boiler and Firebox Steel for Locomotives (A 30 — 52a T), 
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and Specification A 20 for Flange and 
Firebox Quality Plates.’ 

The Alloy Steel Chain Institute is 
working with the Advisory Group of 
Committee A-1 in organizing a special 
subcommittee to prepare specifications 
for alloy steel chain. 

In the field of steel fasteners Sub- 
committee XXVI on Bolting has been 
assigned the task of drafting specifica- — 
tions for structural steel rivets in answer 
to a request from the Industrial Fas- 
teners’ Inst. Another new specification 
underway covers transmission tower 
bolting. 


The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, H. B. Oatley. 

Vice-Chairman, W. F. Collins. — 

Vice-Chairman, C. E. Loos. 

Secretary, H. L. Fry. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 295 members; 194 members 
returned their ballots, all of whom have _ 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


H. B. OATLEy, 


Chairman. 


J. S. WortH, 
Secretary. 
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v= 
Open-Hearth Iron Plates of Flange Quality (A 129 - 53 T), 
oF Carbon-Silicon Steel Plates of Intermediate Tensile Ranges for Fusion-Welded 


Boilers and Other Pressure Vessels (A 201 - 53 T), 

Chre Silicon (CMS) Alloy-Steel Plates for Boilers and Other 
Pressure Vessels (A 202 -— 53 T), 

Nickel-Steel Plates for Boilers and Other Pressure Vessels (A 203 - 53 T), 

Molybdenum-Steel Plates for Boilers and Other Pressure Vessels (A 204 - 53 T), 

High Tensile Strength Carbon-Silicon Steel Plates for Boilers and Other Pres- 
sure Vessels (A 212 - 54 T), 

Manganese-Vanadium Steel Plates for Boilers and Other Pressure Vessels (A 225 - 
53 T), 

Low and Intermediate Tensile Strength Carbon-Steel Plates of Flange and Firebox 
Qualities (Plates 2 in. and Under in Thickness) (A 285 - 53 T), 

High Tensile Strength Carbon-Manganese-Silicon Steel Plates for Boilers and 
Other Pressure Vessels (A 299 — 53 T), 

Steel Plates for Pressure Vessels for Service at Low Temperatures (A 300 — 54 T), 

Chromium-Molybdenum Steel Plates for Boilers and Other Pressure Vessels 
(A 301 - 54 T), 

Manganese-Molybdenum Steel Plates for Boilers and Other Pressure Vessels 
(A 302 - 53 T), 

Low-Carbon High-Nickel Steel Plate for Pressure Vessels (A 353-53 T), and 

5 per cent Chromium, 0.5 per cent Molybdenum Steel Plates for Boilers and Other 
Pressure Vessels (A 357 — 52 T). 


Withdrawal of Emergency Alternates (Relating to Phosphorus) in Specifications for: 


Seamless Cold-Drawn Intermediate Alloy-Steel Heat-Exchanger and Condenser 
Tubes (EA — A 199), 

Seamless Intermediate Alloy-Steel Still Tubes for Refinery Service (EA — A 200), 

Seamless Alloy-Steel Boiler, Superheater, and Heat Exchanger Tubes (EA — A 213), 

Welded Austenitic Stainless Steel Boiler, Superheater, Heat Exchanger, and Con- 
denser Tubes (EA — A 249), 

Seamless and Welded Ferritic Stainless Steel Tubing for General Service 
(EA-A 268 


Seamless and Welded Austenitic Stainless Steel Tubing for General Service 
(EA - A 269), 
Seamless and Welded Austenitic Stainless Steel Sanitary Tubing (EA — A 270), 
Seamless Austenitic Chromium-Nickel Steel Still Tubes for Refinery Service 
(EA - A 271), and 
Seamless and Welded Austenitic Stainless Steel Pipe (EA — A 312). 


Tentative Specifications A 381-54 T were accepted by the Standards Committee 
on September 28, 1954, and the other recommendations were accepted on October 4, 
1954; the new and revised specifications appear in the 1954 Supplement to Book of 
ASTM Standards, Part 1. 
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In this Appendix recommendations 
are given affecting certain specifica- 
tions, both standard and tentative, 
covering various steel products. These 
specifications appear in their present 
form in either the 1952 Book of ASTM 
Standards, Part 1, or in the 1953 Sup- 
plement, Part 1, as indicated by the 
footnote reference. 

Revisions in Pipe and Tubing Specifi- 
cations—Reference to Methods A 370— 
Check and Ladle Analysis.—In the fol- 
lowing pipe and tubing specifications 
add a note to the scope paragraph to 
read as follows: 


Note.—For testing methods not specifically 
covered in these specifications, reference can 
be made to the Tentative Methods and Defini- 
tions for the Mechanical Testing of Steel Prod- 
ucts (ASTM Designation: A 370)? with par- 
ticular reference to Supplement II on Steel 
Tubular Products of Methods A 370. 


Also in all cases in the listing below 
where the specification is preceded by an 
asterisk, change the tables of chemical 
analysis to eliminate dual tables showing 
ladle and check analysis and substitute 
a single table covering the ranges now 
shown as check analysis, the new table 
to be titled “Chemical Composition.” 
All references to ladle analysis not in 
conformance with this change are to be 
editorially revised. 


*A 53-52T! *A 178 - 53 T? 
*A 83-52 T! *A 179 53 T? 
A 120 - 47! *A 192-51 T! 
A 134 - 53! *A 199 - 53 T? 
*A 135-51 T! *A 200 53 aT? 
*A 139 - 53! *A 209 - 51 T! 
*A 161 - 53 T? *A 210 - 52 T! 


11952 Book of ASTM Standards, Part 1. 
21953 Supplement to Book of ASTM Stand- 
ards, Part 1. 


APPENDIX 


_ RECOMMENDATIONS AFFECTING STANDARDS ON STEEL a 


A 211 - 44! *A 254 - 51 T! 
*A 213 - 53 T? A 268 — 53? 
*A 214 - 53 T? A 269 - 52! 
*A 226 - 53 T? A 270 - 50! 
A 249 - 53 aT? A 271 - 53? 
*A 250 53 T? A 312-51 T! 
A 252 - 46! A 333 - 50 T! 
A 253 - 51 T! A 334-51 T! 


New TENTATIVES 


The committee recommends that the 
following three new tentatives, as ap- 
pended hereto, be accepted for publica- 
tion as tentative: 

Tentative Specifications for Low Alloy 
High Tensile Hot-Rolled Sheets and 
Strip :* 

Tentative Specifications for Low Alloy — 
High Tensile Cold-Rolled Sheets and 
Strip 

These specifications cover low-alloy 
sheets and strip intended for structural — 
and miscellaneous purposes where greater 
strength is required and atmospheric 
corrosion resistance equal to or better 
than plain copper steel is important. 
They are written to provide a need ex- 
pressed by the steel industry. 
Tentative Specifications for Seamless 

Austenitic Steel Pipe for High- 

Temperature Central Station Service :* 

The power industry has requested 
that these specifications be written to 
provide suitable seamless pipe for central 
station service where higher operating 
temperatures are required. Four grades © 
of austenitic steel are covered. 


REVISIONS OF TENTATIVES 
The committee recommends revisions 
in the following 18 tentatives: 
*The new tentatives were accepted by the ] 


Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 1. 


= 
| 


Tentative Specification for General Re- 
quirements for Delivery of Rolled 
Steel Plates, Shapes, Sheet Piling, 
and Bars for Structural Use (A 6 - 
53 T) :? 

Section 11(b)—Change the words 
“outside the middle third of the gage 
length of an 8-in. specimen” to read 
“outside the middle half of the gage 
length of an 8-in. specimen.” 
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Tentative Specifications for Axle-Steel 
Bars for Concrete Reinforcement 
(A 160 - 52 T):! 

Table II I.—Revise as indicated above 
for Table III in Specifications A 15 and 
A 16. 

Tentative Specifications for Seamless 
Low-Carbon and Carbon-Molybdenum 
Steel Still Tubes for Refinery Service 
(A 161 - 53 T):? 


TABLE I.—PERMISSIBLE VARIATIONS IN DIMENSIONS AND WEIGHT OF 
STILL TUBES. 


Outside 
Size Outside Diameter, in. 


Diameter, in. 


| 
| Specified Wall | 


Calculated 
Thickness, Ww 


eight per Cut Length, in. 
foot, per cent | 


Over Under | Over | Under | Over | Under | Over | Under 


Hot-ROLtep Tubes 


Over 71 to 9, | | Ye | 28 | 


ols | %| 


Cotp-Drawn STILL TusEs 


Over 716 to 9, 0.015 | 0.045 | 22 | 0 | 5 | 5 | % | 


Tentative Specifications for Billet Steel 
Bars for Concrete Reinforcement 
(A 15 — 52 

Tentative Specification for Rail Steel 
Bars for Concrete Reinforcement 
(A 16 - 52 T):! 

Table III.—Add the following foot- 
note reference after the title of the 
table: “On plain bars whose application 
is in unbent form such as load transfer 
dowels, the cold bend test shall be 
waived.” 

Tentative Specifications for Seamless 
Steel Boiler Tubes (A 83 - 52 T):! 
Table II I.—Revise footnote e to read 

as follows by the addition of the italicized 
words: “Permissible variations in length 
apply to tubes before bending. These 
tolerances apply lo cut lengths up to and 
including 24 ft. For lengths over 24 ft 
an additional over tolerance of % in. for 
each 10 ft or fraction thereof shall be 
permissible, up to a maximum tolerance 
of } in.” : 

1¢ See Editorial Note, p. 95. 


Table III.—Revise by adding th 
permissible variations in dimens/on 
and weight shown in the accompanying 
Table I. 

Table IV.—Revise by adding the 
following plug gage formulas for tubes 
over 73 to 9 in., incl., in outside diameter: 


Hot-Rolled 


2t 
Still Tubes........ = D— ——-— 0.115 
ill Tu PG=D 0875 0.115 
Cold-Drawn 
PG = D — — — 0.090 
0.90 


Tentative Specifications for Electric- 
Resistance-Welded Steel and Open- 
Hearth Iron Boiler Tubes (A 178 - 

Table 1V.—-Revise footnote d as indi- 
cated above for footnote e of Table III 
in Specifications A 83. 

Tentative Specifications for Cold-Drawn 
Low-Carbon Steel Heat-Exchanger 
and Condenser Tubes (A179 - 
$3 T) :* 
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Table I.—In footnote b covering length 
tolerances for lengths over 24 ft, add as 
a final phrase the words “up to a maxi- 
mum of $ in.” 

Tentative Specifications for Welded 
Steel Wire Fabric for Concrete Rein- 
forcement (A 185 — 53 T) :” 

Section 11(b).—Revise to read: ““Trans- 
verse wires shall not project beyond the 
centerline of each longitudinal edge wire 
more than a distance of 1 in., unless 
otherwise specified.” 

Tentative Specifications for Seamless 
Cold-Drawn Intermediate Alloy-Steel 
Heat-Exchanger and Condenser Tubes 
(A 199 - 53 T):? 

Table I.—For grade T9 revise the re- 
quired silicon content range from the 
present “0.50 to 1.00” to read “0.25 to 
1.00” per cent. 

Table II I.—Revise footnote as indi- 
cated above for footnote 6 of Table I in 
Specifications A 179. 

Tentative Specifications for Seamless 
Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200 — 53aT) :? 
Table III.—Revise by adding the 

permissible variations in dimensions 

and weight shown in the accompanying 

Table I. 

Table IV.—Revise as indicated above 
for Table IV in Specifications A 161. 
Tentative Specification for High Tensile 

Strength Carbon-Silicon Steel Plates 

for Boilers and Other Pressure Vessels 

(A 212 — 53 T) :'2-? 

Section 1.—In the second sentence 
change the maximum thickness of fire- 
box quality plate from “6 in.” to read 
in.”’ 

Table I.—In the listings for maxi- 
mum carbon content change “For 
plates over 2 to 6 in., incl, in thickness” 
to read “For plates over 2 to 8 in., incl, 
in thickness.” 

Table II I.—In the listings of material 
thickness for bend test requirements 
change “Over 43 to 6, incl” to read 
“Over 43 to 8, incl.” 


_ RECOMMENDATIONS AFFECTING STANDARDS ON STEEL 


Tentative Specifications for Seamless 
Alloy Steel Boiler, Superheater, and 
Heat Exchanger Tubes (A 213 - 
$3 T):?* 

Table VI.—Revise footnote e as in- 
dicated above for footnote 6 of Table I 
in Specifications A 179. 

Tentative Specifications for Electric- 
Resistance-Welded Steel Heat-Ex- 
changer and Condenser Tubes (A 
214 53 T):? 

Table I.—Revise footnote a as indi- 
cated above for footnote 6 of Table I in 
Specifications A 179. 

Tentative Specifications for Welded 
Austenitic Stainless Steel Boiler, 
Superheater, Heat Exchanger and 
Condenser Tubes (A 249 - 53aT) :° 
Table IV.—Revise footnote e as in- 

dicated above for footnote b of Table I 

in Specifications A 179. 

Tentative Specification for Steel Plates 
for Pressure Vessels for Service at 
Low Temperatures (A 300 — 53 T) :'*:? 
Section 3(c).—Revise to read as fol- 

lows: 


(c) If the average value of the three speci- 
mens is below 15 ft lb, with not more than one 
specimen below 10 ft lb, a retest of three addi- 
tional specimens shall be made, each of which 
must equal or exceed the specified minimum 
value of 15 ft lb. If the required values are not 
obtained upon retest or if the values on the 
initial test are below the minimum required for 
retest, the plate may be reheat treated. After 
reheat treatment, a set of three specimens 
shall be made, each of which must equal or 
exceed the specified minimum value of 15 ft Ib. 


Tentative Specification for Chromium- 
Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 301 — 
53 T) 

Section 4(a).—Revise the first sentence © 
to read as follows by the addition of the — 


italicized word: “All plates shall be 


treated to produce grain refinement, 


either by annealing, normalizing, or | 


heating uniformly for hot forming.” 
Table I.—For grade B reduce the 
permissible maximum carbon content 


‘ 
s 
bd | 
a 
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from the present “0.21” to read “0.17” 

per cent. 

Tentative Methods and Definitions for 
Mechanical Testing of Steel Products 
(A 370 53 T):? 

Section 1(c).—In the tabulation of 
supplements include: “Fasteners (Sup- 
plement III) . . . Sections F1 to F6.” 

New Supplement.—Add a new Sup- 
plement III on Fasteners covering Sec- 
tions F1 to F6 to read as appended to 
this report.‘ 


WITHDRAWAL OF TENTATIVE 


Tentative Specifications for Rolled Car- 
bon-Steel Locomotive Frames (A 287 — 
46 

It is recommended that these specifi- 
cations be discontinued since the product 
is no longer in demand and is not being 
manufactured. 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 


The committee recommends revisions 
as outlined in the following standard 
with reversion to tentative: 

Standard Specifications for Open-Hearth 
Carbon-Steel Rails (A 1 — 53) :? 
Section 11-—Revise Paragraphs (8), 

(c) and (d) to read as follows: 


(b) If all of these specimens withstand the 
above drop test without breaking between the 
supports all of the rails of the heat will be ac- 
cepted subject to final inspection for surface, 
section and finish. 

(c) If any specimen breaks in a location 
other than between the supports, the test shall 
be disregarded and a retest shall be taken from 
the top of the rail involved. 

(d) If one of the three specimens fails, sub- 
ject to the requirements of Paragraph (c) all of 
the “A” rails of the heat shall be rejected. 
Specimens shall then be cut from the bottom 
end of the same “A” rails or the top end of the 
“B”’ rails of the same ingots and tested subject 
to Paragraph (c). If any of these specimens fail, 
the “B” rails of the heat shall be rejected. Three 


*The proposed revision was accepted by the 
Society and the methods as revised appear in 
the 1954 Supplement to Book of ASTM Stand- 
ards, Part 1. 


additional specimens shall then be taken from 
the bottom end of the “B” rails or the top end 
of the “C” rails of the same ingots and tested 
subject to Paragraph (c). If none of these speci- 
mens fails, the balance of the heat shall be 
accepted subject to final inspection for surface, 
section and finish. If any of these specimens 
fail, the entire heat shall be rejected. 


ADOPTION AS STANDARD OF TENTATIVE 
REVISION OF STANDARD 


Standard Specifications for Heat- 
Treated Carbon-Steel Bolting Mate- 
rial (A 261 - 47) :! 

The committee recommends that the 
present tentative revision of Section 12 
be adopted as standard and incorporated 
in these specifications. 


ADOPTION OF TENTATIVES AS STANDARDS 


The committee recommends that the 
following 17 specifications and 1 method 
appearing in the 1952 Book of ASTM 
Standards, Part 1, be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 


Tentative Specifications for: 

Open-Hearth Steel Girder Rails of Plain, 
Grooved, and Guard Types (A2-49T), 

Low-Carbon Steel Joint Bars (A3-49T), 

Structural Nickel Steel (A 8 - 52a T), 

Soft Steel Track Spikes (A 65-49 T), 

Steel Screw Spikes (A 66 - 49 T), 

Structural Silicon Steel (A 94-52 T), 

Structural Steel for Locomotives and Cars 
(A 113-52 T), 

Carbon Steel Forgings for General Indus- 
trial Use (A 235 - 52 T), 

Alloy Steel Forgings for General Industrial 
Use (A 237-52 T), 

Carbon and Alloy Steel Ring and Disk 
Forgings (A 243-51 T), 

Carbon Steel Seamless Drum Forgings 
(A 266-51 T), 

Low and Intermediate Tensile Strength 
Carbon-Steel Plates of Structural Quality 
(Plates 2 in. and Under in Thickness) 
(A 283 - 52 T), 

Carbon and Alloy Steel Forgings for Mag- 
netic Retaining Rings for Turbine Gen- 
erators (A 288-50 T), 

Alloy Steel Forgings for Nonmagnetic 

Coil Retaining Rings for Turbine Genera- 

tors (A 289 - 52 T), 
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Carbon and Alloy Steel Forgings for Rings 
for Reduction Gears (A 290 - 52 T), 

Steel Sheet Piling (A 328 - 52 T), 

Heat-Treated Steel Tires (A 329 - 50 T), 

Tentative Method of Macroetch Testing 
and Inspection of Steel Forgings (A 317 - 
52 T). 


The committee recommends that the 
following eight tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard with revision 
as indicated: 

Tentative Specifications for Medium- 
Carbon Steel Joint Bars (A 4 — 49 T):! 
Section 8.—In Paragraphs (a) and (0) 

change the requirement for the diameter 

of the pin for the bend test from the 
present “equal to twice....” to read 

“not greater than two times... .” 

Tentative Specification for Carbon Steel 
Forgings for Locomotives and Cars 
(A 236 - 52 T):! 

Title-—Change to read ‘‘Carbon Steel 
Forgings for Railway Use.” 

Section I(a)—Change to read as 
follows: 


(a) This specification covers untreated and 
heat treated carbon steel forgings for railway 
use. 
Note.—When axles corresponding to the 
size classifications shown in Table II of the 
Tentative Specification for Carbon Steel Axles 
for Cars and Tenders (ASTM Designation: 
A 21)8 are ordered heat treated in accordance 
with the note in Section 1 of Specification A 21, 
Sections 10, 11, 13, and 14 of Specification A 21 
are applicable thereto. 


Section 9.—In the second sentence 
change the word “‘ingot’’ to read “speci- 
men” to permit the use of spectro- 
graphic analysis. 

Tentative Specification for Alloy Steel 
Forgings for Locomotives and Cars 
(A 238 - 49 T):! 

Title——Change the words “Locomo- 
tives and Cars” to read “Railway Use.” 

Section 1(a).—Change to read: “This 
specification covers heat treated alloy 
steel forgings for railway use.” 


Section 
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Tentative Specification for Carbon Steel 
Blooms, Billets, and Slabs for Forg- 
ings (A 273 — 52 T):! 

Table I.—Revise footnote 6 to read: 
“For acid open-hearth steel, the maxi- 
mum phosphorus and sulfur contents 
shall be 0.05 per cent.” 

Section 7.—In Paragraph (6) revise 
the words “samples shall be selected to 
represent the heat as fairly as possible”’ 
to read “samples selected to represent 
the heat as fairly as possible shall be 
taken.” 

Delete Paragraph (d). 

Reletter Paragraph (e) as Paragraph 
(d) and revise to read as follows retain- 
ing the present tabular material: “When 
chips are taken by drilling, the approxi- 
mate diameter of the drill used shall be 
as follows:” 

Section 11.—Revise to read: ‘“The heat 
number shall be marked or stamped on a 
side near the end, or on the end when 
practicable. When the material is 
bundled, the heat number shall be 
marked on a tag attached to the bundle.” 

Section 12(a).—Revise the last sen- 
tence to read: “All tests (except check 
analysis) and inspection shall be made 
at the place of manufacture prior to 
shipment, unless otherwise specified, 
and shall be so conducted as not to inter- 
fere unnecessarily with the operation of 
the works.” 

Supplementary Requirement S3.— 
Change the title from “Specified Maxi- 
mum Incidental Alloying Elements” 
to read “Incidental Alloy Content.” 
Tentative Specification for Alloy Steel 

Blooms, Billets, and Slabs for Forgings 

(A 274 - 52 

Section 2.—Revise to read: “The steel 
shall be made by the open-hearth or 
electric-furnace process.” 

Table I.—Revise footnote c to read 
as indicated above for footnote 6 in 
Specification A 273. 
7(b).—Revise the tabular 


| 
= 
~ 4 
: 


matter to read the same as in Section 7 
(6) of Specification A 273, as follows: 


Lots Number of Pieces 
4 


Section 11.—Revise as indicated above 
for Section 11 in Specification A 273. 
Section 12(a).—Revise as indicated 
above for Section 12 (a) in Specification 
A 273. 
Tentative Specifications for Carbon and 
Alloy Steel Forgings for Pinions for 
Reduction Gears (A 291 — 52 T):! 
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Alloy Steel Forgings for Turbine 

Bucket Wheels (A 294 - 52 T):' 

Table II I.—Add a new footnote refer- 
enced after the yield strength require- 
ments for all classes to read the same as 
outlined above for the new footnote for 
Table III in Specification A 292, without 
limitation as to class of forging. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


» The committee recommends that the 
following five standards be revised as 


TABLE II.—CHANGES IN TENSILE REQUIREMENTS FOR SPECIFICATION A 291. 


dni Size, in. Tensile Strength, min, psi Yield Point, min, psi 

Over Not Over Present | Change to Present | Change to 

a 10 | 125 000 120 000 100 000 95 000 

er 10 20 | 125 000 117 000 100 000 92 000 
; 20 ile | 125 000 115 000 100 000 90 000 

a 10 140 000 140 000 115 000 115 000 

ies essaees 10 20 140 000 135 000 115 000 110 000 
20 } 140 000 130 000 115 000 105 000 

sire tp 10 145 000 145 000 120 000 120 000 

va 10 20 145 000 140 000 120 000 115 000 
20 can 145 000 | 135 000 120 000 110 000 

Qiivenen wees hws 10 185 000 185 000 160 000 155 000 


Table III.—Revise the tensile re- 
quirements for classes 4, 5, 6, and 8 as 
shown in the accompanying Table II. 
Tentative Specification for Carbon and 

Alloy Steel Forgings for Turbine 
7 Generator Rotors and Shafts (A 292 - 
52 

Table II I.—Add a new footnote refer- 
enced after the yield strength require- 
ments for classes 1 to 7, incl., to read: 
“In classes 1 to 7, incl., an alternate 
method of measuring yield strength may 
be employed, by which the yield strength 
is determined at 0.2 per cent offset; in 
this case 5000 psi is to be added to the 
requirements for yield strength in the 
above table.” 

Tentative Specification for Carbon and 


indicated and accordingly requests the 
necessary nine-tenths affirmative vote at 
the Annual Meeting in order that these 
may be referred to letter ballot of the 
Society: 
Standard Specifications for High-Carbon 
Steel Joint Bars (A 5 - 53) :° 
Section 9—In Paragraphs (a) and 
(6) change the requirement for the 
diameter of the pin for the bend test 
from the present “equal to three times. 
...’ to read “not greater than three 
Standard Specifications for Multiple- 
Wear Wrought Steel Wheels (A 57 - 
48) 
Standard Specifications for One-Wear 
Wrought Steel Wheels (A 186 - 46) :' 
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The revisions recommended in these 
specifications are quite voluminous and 
are being recommended in order to bring 
the requirements into conformance with 
the corresponding requirements of the 
AAR specifications. The proposed re- 
visions are appended.® 
Standard Specifications for Seamless 

and Welded Austenitic Stainless 

Steel Tubing (A 269 - 52):! 

Table II.—Add a new footnote refer- 
ence after “Permissible Variations in 
Cut Length, in.” to read as follows: 
“These tolerances apply to cut lengths 
up to and including 24 ft. For lengths 
over 24 ft an additional over tolerance 
of $ in. for each 10 ft or fraction thereof 
shall be permissible, up to a maximum 
tolerance of } in.” 


5 The proposed revisions were accepted by the 
Society and the specifications as revised appear 
in the 1954 Supplement to Book of ASTM 
Standards, Part 1. 
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RECOMMENDATIONS AFFECTING STANDARDS ON STEEL 


Standard Specifications for Seamless 
Austenitic Chromium-Nickel Steel 
Still Tubes for Refinery Service 
(A 271 - 

Table II.—Add the following per- 
missible variations in dimensions and 
weight for tubes over 7} to 9 in., incl., in 
outside diameter: 


1Z 

Specified wall thickness, 22 
Under...... 0 
Calculated weight per ft, tse As 5 

46 


Table III.—Add the following plug 
gage formula for tubes over 7} to 9 in., 


incl., in outside diameter: 
2t 
= D— — — 0,090 
O90 
4. 
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Committee A-3 on Cast Iron held 
meetings on July 2, 1953, in Atlantic 
City, N. J., and on February 4, 1954, 
in Washington, D. C. 

At the present time, the committee 
consists of 119 members, of whom 43 are 
classified as producers, 49 as consumers, 
and 27 as general interest members. 

The committee records with regret 
the death of C. O. Burgess the early 
part of this year. Mr. Burgess was vice- 
chairman of Committee A-3 at the time 
of his death and served effectively on 
many of the subcommittees as well as 
serving as secretary from 1944 to 1949. 

Mr. W. F. Abercrombie, Engineer of 
Materials and Tests, State Highway 
Department of Georgia, has been ap- 
pointed chairman of Subcommittee 
VIII on Cast Iron Culvert Pipe. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, H. W. Stuart. 

Vice-Chairman, D. E. Krause. 

Secretary, T. E. Eagan. 


New TENTATIVE 


The committee recommends for pub- 
lication as tentative the Specifications 
for Cast Iron Pressure Pipe as appended 
hereto.' These specifications make refer- 
ence to the specifications developed by 
ASA Sectional Committee A21 on Cast 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 The new tentative was accepted by the So- 
ciety and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 1. 
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Iron Pipe and Fittings, which committee 
is under the sponsorship of the AGA, 
ASTM, AWWA, and the New England 
Water Works Assn. 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that 
the Tentative Methods of Impact 
Testing of Cast Iron (A327-50T)? be 
approved for reference to letter ballot 
of the Society for adoption as standard 
without change. 


WITHDRAWAL OF STANDARD 


The committee recommends the with- 
drawal of Standard Specifications for 
Cast Iron Pit-Cast Pipe for Water or 
Other Liquids (A 44 - 41).? This standard 
is being replaced by the above proposed 
new tentative specification. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following specifications be continued as 
tentative without revision: 


Tentative Specifications for: 


Foundry Pig Iron (A 43-49 T), 

Chilled and White Iron Castings (A 360 - 
52 T), and 

Nodular Iron Castings (A 339 - 51 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 

2 1952 Book of ASTM Standards, Part 1. 

3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


A complete review of subcommittee 
activities will not be given, but only 
those which have a direct bearing on 
present specifications or those which 
may be of interest to other committees. 

Subcommittee I on Pig Iron (H. W. 
Stuart, chairman) is attempting to reach 
an agreement on certain revisions of 
Specifications A 43 - 49 T so the specifi- 
cations can be recommended for adop- 
tion as standard. The principal difficulty 
in obtaining agreement on the revisions 
concerns the limits of silicon content of 
foundry pig iron. 

Subcommittee XV on Impact Testing 
(J. T. MacKenzie, chairman) has re- 
ported that no comments were received 
in regard to Methods A 327 -50 T and 
they were therefore recommended for 
adoption as standard. 

Subcommittee XVI on Heat Treatment 
of Cast Iron (V. T. Malcolm, chairman) 
is obtaining data on effect of using 
stress relieving temperatures above 
1050 F as specified in Specification A 278. 

Subcommittee XIX on Chilled and 
White Iron Casting (J. J. Marsalka, 
chairman) could not reach agreement 
on the adoption of the Specifications 
A 360-52 T to standard so they will 
be continued as tentative. An acceptable 
method of measuring the depth of chill 
has not as yet been found. 

Subcommitiee XXII on Elevated Tem- 
perature Properties of Cast Iron (J. S. 
Vanick, chairman) has requested and 
received size B test bars conforming to 


Specification A278 for evaluation at 
Southern Research Institute as part of 
Project SP2 of the Joint Committee on 
Effect of Temperature on the Properties 
of Metals. 

Subcommittee XXIV on Nodular Iron 
(T. E. Eagan, chairman) discussed 
revision of Specifications A 339-51 T, 
particularly with respect to an increase 
in elongation requirements for the an- 
nealed grade of nodular iron, but dif- 
ferences in viewpoints resulted in a 
decision to retain these specifications as 
tentative. Reports indicate that this 
material is being made with an increas- 
ing degree of uniformity of properties. 

Subcommitiee XXVI on Low Tempera- 
ture Properties of Cast Iron (R. W. Kraft, 
chairman) held its first meeting on 
February 3, 1954, in Washington, D. C. 
The need for specifications for low tem- 
perature applications was discussed, 
but it was felt that more data on the 
effect of low temperatures on cast iron 
are needed before much can be done. 


This report has been submitted to 
letter ballot of the committee, which 
consist of 119 voting members; 62 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. S. VANICK, 
Chairman. 
D. E. KRAUSE, 
Secretary. 
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Committee A-5 on Corrosion of Iron 
and Steel held two meetings during the 
year: on July 2, 1953, at Atlantic City, 
_N. J., and on February 3, 1954, at 
_ Washington, D. C. 

The committee now consists of 111 
-members, of whom 49 are classified as 
producers, 35 as consumers, and 27 as 
general interest members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, A. P. Jahn. 

First Vice-Chairman, J. G. Thompson. 

‘Second Vice-Chairman, E. F. Lundeen. 
Secretary, C. P. Larrabee. 


REVISION OF TENTATIVES 


The committee recommends that the 
following specifications be revised as in- 
dicated and continued as tentative: 

Tentative Specifications for Zinc-Coated 
Steel Wire Strand (“Galvanized” and 
Class A (“Extra Galvanized”)) (A 122 - 
52 

Section 1.—Delete the words “elec- 
trical conductors, overhead ground 
wires.” Add the following additional 
note: “NotEe.—Zinc-coated steel over- 
head ground wire strand is covered by 
the Tentative Specifications for Zinc- 
Coated Steel Overhead Ground Wire 
Strand (ASTM Designation: A 363).” 

Section 9.—Delete this section and 
renumber subsequent sections. 

* Presented at the Fifty-seventh Annual Meet- 


ing of the Society, June 13-18, 1954. 
11952 Book of ASTM Standards, Part 1. 
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Table II.—Delete this table and re- 
number subsequent tables. 

Section 10(b).—Delete this section. 

Tentative Specifications for Zinc-Coated 
Steel Wire Strand (Class B and Class C 
Coatings) (A 218 - 52 T).! 

Section 1.—Delete the words “elec- 
trical conductors, overhead ground 
wires.” Add the following additional 
note: “NoTE.—Zinc-coated steel over- 
head ground wire strand is covered by 
the Tentative Specifications for Zinc- 
Coated Steel Overhead Ground Wire 
Strand (ASTM Designation: A 363).” 

Table II.—Delete this table and re- 
number subsequent tables. 

Section 9.—Delete this section and 
renumber subsequent sections. 

Section 10(b).—Delete this section. 

The revision in Section 1 is recom- 
mended since the products specified in 
Specifications A 122 and A 218 are not 
designed for use as electrical conductors 
and because Specifications A 363 provide 
for a product to be used as overhead 
ground wire strand. 

The remainder of the revisions are 
recommended in order to delete from 
these specifications the requirements for 
Uniformity of Coating and all reference 
to the Preece Test. Uniformity of Coat- 
ing (Preece Test) requirements have 
been omitted from various recent ASTM 
specifications for zinc-coated wire. Sev- 
eral large users of such wire have re- 
moved the Uniformity of Coating 
requirements from their own specifica- 
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tions. The shortcomings of this particu- 
lar test when applied to wire are well 
known and, following a ballot in the 
subcommittee, the committee voted on 
the above recommendation in 1952. The 
letter ballot vote at that time was as 


follows: 
A-5 Mem- Affirm- Nega- 
Classification bership ative tive 
Producers 53 24 3 


36 16 4 
General Interest......... 29 11 3 


The negative vote in this case was so 
large that the matter was held a year 
for review at subsequent meetings. At 
the 1953 Society meeting, a paper en- 
titled ‘Some Observations on the Preece 
Test and Stripping Tests for Zinc-Coated 
Wires” was presented as an appendix to 
the annual report of the committee.’ 
The negative votes, in summary, claim 
that the Preece Test has some merit and 
that no replacing test has been pro- 
posed or developed. There seems no 
chance of resolving these negative votes, 
and the committee now recommends 
action in accordance with the majority 
vote of the committee. 


ADOPTION OF TENTATIVE AS 
STANDARD 


The committee recommends that the 
Tentative Methods of Test for Local 
Thickness of Electrodeposited Coatings 
(A 219-51 T)! be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without change. 
This recommendation is made jointly 
with Committee B-8 on Electrodeposited 
Metallic Coatings. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as appended 


2 Proceedings, Am. Soc. Testing Mats., Vol. 53, 
p. 125 (1953). 
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hereto® of the Standard Method of Test 
for Weight and Composition of Coating 
on Long Terne Sheets by the Triple 
Spot Test (A 309 - 49),' and accordingly 
asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society. 


AMERICAN STANDARDS 


In accordance with ASTM policy, 
Committee A-5 this year examined the 
standards under its jurisdiction as re- 
gards their suitability for submission to 
the American Standards Association for 
approval as American Standard. Com- 
mittee A-5 accordingly recommends that 
the following specifications be sub- 
mitted to ASA for approval as American 
Standard: — 
Specificati 

pecifications for 

Zinc-Coated (Galvanized) Iron or Steel Sheets, 
Coils and Cut Lengths (A 93-53 T), 

Zinc-Coated (Galvanized) “Iron” Telephone 
and Telegraph Line Wire (A 111-52), 

Zinc-Coated Steel Wire Strand (“Galvanized”’ 
and Class A (“Extra Galvanized’’)) (A 122 - 
52 

Zinc (Hot-Galvanized) Coatings on Products 
Fabricated from Rolled, Pressed, and Forged 
Steel Shapes, Plates, Bars, and Strip (A 123 - 
53), 

Zinc Coating (Hot-Dip) on Iron and Steel Hard- 
ware (A 153 - 53), 

Zinc-Coated Steel Wire Strand (Class B and 
Class C Coatings) (A 218-52T)‘, and 
Zinc-Coated (Galvanized) High Tensile Steel 
Telephone and Telegraph Line Wire (A 326 - 

52). 


Methods of Test for: 


Weight of Coating on Zinc-Coated (Galvanized) 
Iron or Steel Articles (A 90-53). 


3 The revised standard was accepted by the 
Society and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 1. 

4 Further revisions of these specifications are 
recommended as set forth elsewhere in this 
report, and the specifications as presented for 
approval as American Standard should include 
the latest revision. 
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_ on record at ASTM Headquarters. 
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Recommended Practice for: 
{ Safeguarding Against Embrittlement of Hot 


Galvanized Structural Steel Products and 
Procedure for Detecting Embrittlement 
(A 143 - 46). 


Several of these standards at one 


_ time had approval as American Standard 
_ but the approval lapsed since subsequent 


revisions were not presented to the ASA 
The committee recommends that the 
following standards, which carry ap- 
Standard, be 
presented to the ASA for reaffirmation: 


Specifications for: 


Zinc-Coated (Galvanized) Iron or Steel Farm- 
Field and Railroad Right-of-Way Wire Fenc- 
ing (A 116 - 48), 

Zinc-Coated Iron or Steel Chain-Link Fence 
Fabric Galvanized After Weaving (A 117 - 
33), and 

Zinc-Coated (Galvanized) Iron or Steel Barbed 
Wire (A 121 - 48). 


CONTINUATION OF TENTATIVES 
WITHOUT REVISION 


The committee recommends that the 


following be continued as _ tentative 


without revision: 


Tentative Specifications for: 


Zinc-Coated (Galvanized) Iron or Steel Sheets, 
Coils and Cut Lengths (A 93-53 T), 

Long Terne Iron or Steel Sheets, Coils and Cut 
Lengths (A 308-53 T), 

Zinc-Coated Iron or Steel Chain-Link Fence 
Fabric Galvanized Before Weaving (A 337- 
51 T), 

1.25 oz Ordered Coating (Pot Yield) Zinc-Coated 
(Galvanized) Iron or Steel Roofing Sheets 
(A 361 - 52 T), and 

Zinc-Coated Steel Overhead Ground Wire 
Strand (A 363 - 52 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee VII on Methods of Test 
(O. B. Ellis, chairman) completed its 
work on the revision of Standard 
Method of Test for Weight and Compo- 
sition of Coating on Long Terne Sheets 
by the Triple Spot Test (A 309-49), 
which revision is referred to earlier in 
this report. The subcommittee is in- 
vestigating nondestructive methods for 
the determination of thickness of 
metallic coating. 

Subcommittee XI on Sheet Specifica- 
tions (E. F. Lundeen, chairman) is 
actively engaged in the study of specifi- 
cations under its jurisdiction and has 
recommended the continuance as tenta- 
tive without change at this time of 
Specifications A 93 - 53 T, A 308 - 53 T, 
and A 361-52T, which recommenda- 
tion is referred to earlier in the report. 

Subcommittee XII on Wire Specifica- 
tions (J. F. Occasione, chairman) pre- 
pared the revisions referred to earlier 
in the report of Standard Specifications 
for Zinc-Coated (Galvanized) Steel Tie 
Wires (A 112 - 33), Tentative Specifica- 
tions for Zinc-Coated Steel Wire Strand 
(Galvanized and Class A) (A 122 - 52 T), 
and Tentative Specifications for Zinc- 
Coated Steel Wire Strand (Class B and 
Class C Coatings) (A 218-52 T). The 
subcommittee is working on a revision 
of Tentative Specifications for Overhead 
Ground Wire Strand (A 363-52T) 
and of Tentative Specifications for Zinc- 
Coated Iron or Steel Chain-Link Fence 
Fabric Galvanized Before Weaving 
(A 337 - 51 T). Work is being done on 
the preparation of specifications for 
zinc-coated low carbon steel armor wire, 
for zinc-coated poultry netting, and for 
zinc-coated welded steel fabric. 

Subcommittee XIII on Hardware 
Specifications (B. J. Barmack, chairman) 
has in progress the preparation of 
tentative specifications for zinc-coating 
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(hot-dip) on fabricated or assembled 
steel products, a recommended practice 
for safeguarding against warpage and 
distortion during hot-dip galvanizing of 
steel assemblies, and recommended shop 
practices and design suggestions for 
safeguarding against inferior galvanized 
coating. 

Subcommitiee XIV on Sheet Tests 
(C. P. Larrabee, chairman) has sum- 
marized the sheet inspection data to 
date in the report appended hereto.® 

Subcommitiee XV on Wire Tests 
(F. M. Reinhart, chairman) appends 
hereto its report of inspection data.’ 


6 See p. 110. 
See p. 125. 
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Subcommitlee XVI on Hardware Tests 
(A. Mendizza, chairman) is continuing 
with its plans for a new test on hard- 
ware. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 111 members; 89 members 
returned their ballots, of whom 80 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
A. P. JauN, 
Chairman. 
C. P. LARRABEE, 
Secretary. 
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The annual inspections of the sheet 
tests at Annapolis, Md., Altoona, Pa., 
and State College, Pa., were made during 
April, 1953 and 1954. The Altoona and 

State College inspections were made in 
April of 1954, but the Annapolis inspec- 
tion was held in March. The earlier 
_ inspection at Annapolis was made at 
the request of the U. S. Naval Engineer- 
ing Experiment Station through whose 
courtesy these specimens have been 
exposed since 1916. The site presently 
— occupied by these tests is needed due to 
present expansion plans. It has been 
decided that the importance of future 
data would not warrant the expenditure 
of the $1500 estimated as the cost of 

_ moving the specimens to another loca- 
_ tion, and by vote of both Committee A-5 
and the Advisory Committee on Corro- 
- sion the test has been discontinued and 
the sheets scrapped. The discontinuation 
of the Annapolis site marks the end 
of the copper-bearing and non-copper- 

bearing sheet tests begun in 1916, the 

Fort Sheridan, Ill., and Pittsburgh, Pa., 
sites having been abandoned in 1928 
and 1923, respectively. 


q Annapolis, Md.: 

The failures to date in the 16-gage 
uncoated sheets exposed in 1916 at 
Annapolis are shown in Table I. Atten- 
tion is directed to the fact that after 
37.5 yr, only 23 sheets out of a total of 
258 have been found to have visible 
_ perforations. The final results of the 


REPORT OF SUBCOMMITTEE XIV ON INSPECTION OF BLACK AND 
GALVANIZED SHEETS 


22-gage test were published in the 
Society’s Proceedings in 1952! and are 
reproduced herein (Table IV). 


TABLE I.—RECORDS OF FAILURES 
AT ANNAPOLIS OF NO. 16-GAGE UN- 
COATED SHEETS? BY CLASSES. 


Average 
Class 
z Sheets, 
Open-hearth Iron (low | 
3| 47 13 | 35.0 
Open-hearth Steel (low 
3 33 1 | 32.5 
Bessemer Steel (low 
2; 20 7 | 30.5 
Wrought Iron (low 
1 3 1 | 34.5 
Wrought Iron (copper) . 14 | 12 1 | 28 
115 | 23 | 


* With the exception of the one wrought iron 
sheet shown, none of the 143 sheets in groups 
that have medium (0.06 to 0.12 per cent) or 
over 0.2 per cent copper has failed. 


Altoona, Pa.: 


The complete inspection results of 
the test of galvanized and uncoated 
steel sheets, exposed in 1926, are shown 
in Table II. One sheet was found per- 
forated at the 1953 inspection and 0 at 
the 1954 inspection. The yearly inspec- 
tion will be continued until both the 22- 
gage sheets have failed, at which time 
the test will be abandoned. It is not be- 


1 Report of Subcommittee XIV, Proceedings, 
Am. Soc. Testing Mats., Vol. 52, p. 111 (1952). 
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On INSPECTION OF BLACK AND GALVANIZED SHEETS 


lieved worth-while to continue the test 
until the ten 16-gage sheets, which had 
2.5-0z coatings, become perforated. 


State College, Pa.: 


The complete inspection results (1926 
to date), including three omissions from 


DISCUSSION OF RESULTS 
TO DATE 


By vote of Committee A-5, Subcom- 
mittee XIV was instructed to include in 
this year’s report a condensed summary 
of the conclusions that could logically 


TABLE II.—LIFE OF CORRUGATED GALVANIZED AND BLACK SHEETS, 26 BY 30 IN. 
Exposed at Altoona, Pa., on April 22, 1926. 


No. 16 Gage,| No. 22 Gage,| No. 22 Gage,| No. 22 Gage,| No. 22 Gage,| No. 22 Gage,| No. 28 Gage, No. 22 
2.5 oz per 2.5 oz 2.0 oz 1.5 oz 1.25 oz 0.75 oz 0.75 oz U . 
sq ft® per sq ft® per sq ft* per sq ft* per sq ft®* per sq ft® per sq ft® ound 
Years To | Years To Years To Years To Years To Years To Years To 
R (T)4] .... 4.3)12.0/21.0) 3.3) 9.5/18.5| 3.3) 2.3) 4.3/14.5 4.3 
(B)¢ 4.5)11.5/21.5) 3.3) 3.3) 7.0)17.0] 2.3) 4.5/16.0 
Vv 4.3 | 11.0 | 4.3] 9.0] © | 3.3] 7.0/17.5] 2.3] 7.0]14.5] 2.3] 5.2|13.5] 1.4] 3.3] 9.0). 
(or U) 4.3 7.0 | 4.8) 9.0)17.5| 4.3) 6.8)19.0) 2.5) 7.0)15.0) 2.3) 4.5/15.0) 2.3) 3.3/13.0 4.3 
N 4.3) 8.5|22.5) 3.5] 8.5/20.0] 3.3! 5.5)17.0) 2.3] 4.5)15.0] 1.4) 2.8/13.0] 2.0] 3.3] 7.0] 7.5 
) 3.5|12.0/24.0] 3.5) 8.0/22.0] 3.3) 5.9|19.0] 2.3] 4.5) © | 1.4] 3.3/1.0] 2.3] 3.3/11.0 
T 4.5 | 10.5 | 5.5/11.5/22.5] 3.5) 7.5|20.0) 2.3) 2.3) 5.0)15.0) 1.4) 2.8/13.5] 2.0] 2.8] 9.0) 8.5 
)} 4.8.) 9.0 | 6.3/11.5) | 3.5) 7.0/22.0) 2.5) 5.2)17.0) 2.3) 4.3/17.0] 2.3) 2.3] 3.3/11.0 
Y 4.3 | 11.5 | 3.3] 8.5 2.5) 5.0 2.3} 3.3}.. 2.3) 3.5 1.4) 3.5 
(B)| 4.5 | 13.7 | 3.3) 4.3) 9.0 3.3) 5.2 2.5) 4.3)....] 2.3) 3.3 2.3) 3.3}. 
S 4.3 | 12.0 | 4.3/12.0/22.0) 4.3) 8.5|20.5) 3.0) 4.5/19.0) 2.3) 2.0) 2.8/13.5| 2.0] 3.0) 7.0] 9.0 
(B)| 4.3 | 12.5 | 4.8)14.5/24.0] 4.3] 8.5/23.0) 3.3) 6.3/20.5) 3.0) 4.3)19.0) 2.3) 2.8/15.0] 2.3] 3.0/10.5 
C 4.0/10.5/26.0| 3.3] 8.5/22.5) 2.5] 6.5/21.5| 2.3] 4.5/19.0] 1.4] 3.5) > 
(B) $.8|13.5|26.0| 4.3|10.0/24.0| 3.3] 6.5/19.0| 2.5] 4.3/19.5| 1.4] 3.0] > 
K 4.3 | 12.5 | 4.3]11.5/25.0] 4.3] 7.5|24.0| 3.3) $.2/21.5| 2.5] 4.3} | 2.3] 3.0) © | 2.3] 2.8]10.5| 13.0 
4.3 | 11.5 | 4.5/11.5) | 4.3) 8.5/27.0) 3.3) 5.0/25.0) 3.3) 4.3/21.0) 2.3] 3.0/21.0) 2.3) 3.0/10.5 
§.2/10.5/21.5) 3.5) 6.5|19.0) 3.3) 5.0/15.0) 2.3) 4.0 14.5)... 5.0 
) 5.2)12.0|23.0) 4.3) 7.5/19.5) 3.3) 5.5)17.0) 2.3) 4.0/15.0 
Average | 11.1 | 4.6)11.2 3.8) 8.1). 3.0) 5.7 3.4 4.3]....] 1.9] 3.8]....] 3.8) 3.8].... 


* Data not yet available. 


* Coating weight is ‘‘oz per sq ft’’ of sheet (both sides). 


> Blown away or discarded due to mechanical damage. 


© Compositions of individual materials given in 1927 Proceedings. _ cad 
4 From 1927 Proceedings. “T” refers to the front end of sheet as it went through the galvanizing pot, “B” refers 


to the back end. 


the 1952 Table, are given in Table III. 
It is noteworthy that none of the 28- 
gage (about 0.016-in. thick) sheets, 
originally having 0.75 oz per sq ft 
(0.00063 in. zinc each side) of coating, 
have become perforated after 28 yr. 
Six of the 10 uncoated 22-gage sheets 
have perforated. 


be drawn from the atmospheric corro- 
sion tests installed by the Subcommittee 
in 1916 and in 1926. 


Tests Exposed in 1916: 

These tests at Annapolis, Md., Fort 
Sheridan, Ill., and Pittsburgh, Pa., con- 
sisted of steel sheets from which the 
rolling scale had been removed by acid 
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pickling. The complete details on these 
sheets were given in the 1918 Proceed- 
ings, and the final results are shown as 
Tables IV, V, and VI. In spite of the 
necessity of discontinuing the tests at 
these sites before ali sheets had failed, 
the combined data and calculations 


corrosion resistance of steels was demon- 
strated by the longer life of the higher 
phosphorus materials (bessemer copper 
steel and open-hearth steel (acid)). 

3. The benefit of copper does not 
cease at comparatively low values (0.1 
per cent). A study of the detailed results 


TABLE III.—LIFE OF CORRUGATED GALVANIZED AND BLACK SHEETS, 26 BY 30 IN. 
Exposed at State College, Pa., on April 23, 1926. 


No. 16 Gage,|No. 22 Gage, |No. 22 Gage, |No. 22 Gage, |No. 22 Gage, |No. 22 Gage, |No. 28 Gage, ie. 22 
2.5 oz per 2.5 oz per 2.0 oz per 1.5 oz per 1.25 oz per | 0.75 oz per | 0.75 oz per Ue” 
sq ft® sq sq ft? sq ft® sq ft® sq ft* sq 
= 
i _— Years To Years To Years To Years To Years To Years To Years To 
27.0 20.0) * * 116.5) * 15.0) * 
V (T)| 27.0 ° 71.5 ° 118.5) * 116.0) * 15.0 ° * | 9.5/23.0) 24.0(V) 
(or U) (B)| 24.0| | * 25.0) * | * | * |16.5] | |10.5)24.0] -/25.0(0)® 
N (T) 20.5) * 122.5) * 112.0) * * | 6.5/20.5| * |11.0/23.0) * 28.0 
(B) 28.0) * * 122.5) 23.5 ° * 113.5) * | 9.0/23.0) * |11.5) 
T (T)| 27.0 bd bd * 116.0) * 115.0) * * | 9.0/26.0) * | 9.0/24.0) * ° 
(B) °* me * |23.0) * 114.5) ° 13.5 ° * 110.5/22.5) * |12.0/25.0) 
S (T)| 22.0 me * |25.0) * 119.0) 114.5) * 110.5/21.5) * |11.5|22.0) 
(B)| 22.5 * * |28.0) ° 119.5) 23.5 ° * 111.0/21.5) |11.5/21.5) 
K (T)} 23.0 Bana " Baba Be * |14.5) * |11.5/24.0) * |10.5/23.0) * 
(B)| 24.0 * 128.0) ° * 116.5) * 111.5/22.5) |11.5/21.0) * 
Average 22.5 .|17.0 .|14.6 10.0) 11.1 


* Data not yet available. 
6 Inadvertently omitted from 1952 report. 


from these three tests, Tables VII, 
VIII, and IX, justify the following: 

1. Sheets of open-hearth iron, open- 
hearth steel, bessemer steel, and wrought 
iron (hand puddled) with copper con- 
tents of about 0.2 per cent remained 
unperforated longer than similar grades 
with residual copper contents below 
0.04 per cent. 

2. The beneficial effect of both copper 
and phosphorus upon the atmospheric 


* Coating weight is ‘‘oz per sq ft” of sheet (both sides). 


in Tables IV, V, and VI shows that 
steels having about 0.2 (or over) per 
cent copper had longer lives at each 
location than similar type steels with 
0.1 per cent copper. 

4. Considering open-hearth iron, open- 
hearth steel, and bessemer steel, the 
copperized materials had 1.7, 2.5, and 
2.9 times the lives of the residual- 
copper (less than 0.05 per cent) ma- 
terials at Annapolis, Fort Sheridan, and 
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Pittsburgh, respectively. For the two 
wrought irons (copper bearing and re- 
sidual copper), the similar factor was 1.1 
at both Annapolis and Pittsburgh. Too 
few of the wrought iron sheets per- 
forated during the 11l-yr exposure at 
Fort Sheridan to make a comparison. 

5. The Pittsburgh and Fort Sheridan 
locations were on the average 8.1 and 
2.6 times as corrosive as Annapolis, 
respectively. 

6. The ratios of corrosivity of the 
three atmospheres varied greatly when 
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Hook, and Key West have been discon- 
tinued for various reasons. However, 
corrosion had proceeded so far that 
nearly all the information that would 
have been obtained by continuing the 
tests had been secured before the sheets 
were discarded. 

The years to the appearance of the 
first rust and the years until 100 per 
cent of the area was rusted are propor- 
tional, within the error of measurement, 
to the weight of coating. Considering 
the variations in weight of zinc coatings 


TABLE VII—COMPARISON OF INSPECTION RESULTS OF ATMOSPHERIC 
EXPOSURE TESTS OF 22-GAGE UNCOATED STEEL SHEETS. 


Annapolis | Ft. Sheridan | Pittsburgh— 
—34.5 yr —il yr 5.8 yr 

Material Copper, ber of | Average |B |Average| |Average 

per cent | Sheets Life of Life of Life of 

Failed Failed | 2‘ | Failed 

2 Sheets, | 55 | Sheets, Sheets, 
yr Z yr |Z yr 
Open-hearth Iron .................. 0.02 to 0.03. 3 35 14.1 0 iF | 0/ 1.9 
Open-hearth Iron............00ss008 0.14 to 0.30) 4 39 19.6 0} 10.7 0 | 3.6 
Open-hearth Steel (Basic) 0.02 2 15 11.6 0 3.2 0/ 1.4 
Open-hearth Steel (Basic) ........ 0.08 to 0.27 7 58 23.3 35 | 11.0%} 0} 4.0 
Open-hearth Steel (Basic) ........ 0.6 1 3 30.2 3 0 | 5.3 
Open-hearth Steel (Acid)............ 0.2 1 16 29.9 16 5 | 5.54 
Bessemer Steel................ .| 0.14 to 0.27) 3 24 28.3 24 . 18 | 5.5 
0.02 1 3 20.3 0 6.1 0 | 2.3 


® Attention is called to the fact that data are incomplete. 


the years to failure of different steels 
were used as a means of comparison. 


Tests Exposed in 1926: 


The test consisted of galvanized 
sheets having five different weights of 
coatings and having some steels in three 
sheet thicknesses, as well as an uncoated 
sheet from each manufacturer repre- 
sented. Specimens were exposed at 
Altoona, Pittsburgh, and State College, 
Pa., Sandy Hook, N. J., and Key West, 
Fla. As described in a previous report 
(1952), the tests at Pittsburgh, Sandy 


as made in 1925, the various points lie 
closer to a straight line than might be 
expected. It is seen in Fig. 1 that the 
slopes of the “100 per cent rust’ lines 
are different from those of the “first 
rust.” This is caused by the fact that on 
the heavier-coated sheets, the range in 
the actual thickness of zinc was greater 
than that on the lightly coated sheets. 
Perforation data for uncoated sheets are 
in accordance with data found in the 
Pittsburgh, Fort Sheridan, and Annap- 
olis tests. 

Many of the galvanized sheets ex- 
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posed at Pittsburgh had not perforated 
when the test was discontinued. The 
curves shown in Fig. 1 were plotted 
from perforation data of three heats of 
open-hearth iron that in all coating 
weights had perforated. The uncoated 
22-gage sheets at Pittsburgh were found 
to be perforated in two years. The time 
to first rust of the 0.75 oz per sq ft 
coated sheet was two years and the time 
to 100 per cent rust was about four 


_ TABLE VIII—RATIOS OF CORROSIVITY 


OF THREE TEST LOCATIONS. 
Read Horizontally 


Corrosivity 
Material 
| An- | Fo . 
Pitts. 
‘alle | idan | 
Open-hearth Iron (low 
1 2.0| 7.4 
pen- Iron (cop- 
| 
Open-hearth Steel (low 
1 3.6 | 7.7 
Open-hearth Steel (cop- 
Bessemer Steel (low om | | | 
1) 3 | 13.1 
Bessemer Steel (copper). . | 
— Iron (low cop- | | 
1 |3.3| 9.1 
Wrought Iron (copper). . ..| 1 | * | 8.3 
1 |26| 8.1 


* Insufficient data available. 
* Only 18 of 24 sheets failed. 


years; yet these sheets did not become 
perforated until after 14 yr. This 
anomaly is explained by the fact that 
the zinc on the groundward-exposed 
surface does not corrode nearly so fast 
as the zinc on the skyward surface (only 
the per cent of rust on the skyward 
surface was recorded). It is known that 
in atmospheres of this type uncoated 
steel sheets exposed 30 deg to the hori- 
zontal corrode 50 per cent more on the 
groundward side than on the skyward 
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side. However, the base metal of the 
galvanized sheets could not rust until 
the zinc had been removed from the 
groundward surface; therefore, the per- 
foration time of even a lightly gal- 
vanized sheet is much longer than that 
of an uncoated sheet of the same com- 
position. The slopes of the 100 per cent 
rust lines and of the perforation lines, 
Fig. 1, are practically equal. The above 
observations also hold for Altoona. 


TABLE 1X.—RATIOS OF LIVES BY 
CLASSES OF MATERIALS. 


Read Vertically 
Corrosivity 

Material | 
Pitts- 

Sher- 
| idan | bureh 

Tron (low 


Iron (copper).| 1.4 | 1.5 1.9 
Steel (low 


to 


per) 
Steel (copper).| 2.0 
Bessemer Steel (low cop- 


Bessemer Steel (copper)...| 1.7 * 4.2 

Wrought Iron (low cop- 

Wrought Iron (copper)*... 

* Insufficient data available. 


It is evident that the compositions of 
the base metals in these tests had little 
or no effect on the corrosion rate of the 
zinc coating, but that after the zinc had 
been corroded away, the inherent re- 
sistance of the steel as determined by 
its composition was the major factor in 
the ‘“‘years to perforation.” 

The data from the final inspection of 
the tests at Sandy Hook and Key West 
were given in the 1952 Proceedings' and 
are given as Tables X and XI. Three 
outstanding observations can be de- 
duced from the data. 
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Fic. 1.—Rusting of Galvanized Steel Test Specimens. 
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1. With average years to first rust of 
the 0.75 oz per sq ft galvanized sheets 
and with perforation of three open- 
hearth irons as basis for comparison, the 


XIV or Commitree A-5 


The differences in calculated corro- 
siveness toward zinc, iron, and copper 
steel are caused partly by the protective 
coating that developed on the zinc in 


TABLE X.—LIFE OF CORRUGATED GALVANIZED AND BLACK SHEETS, 26 BY 30 IN. 
Exposed at Sandy Hook, N. J., on May 20, 1926. 


| 
No. 16 Gage,|No. 22 Gage,|No. 22 Gage,'No. 22 Gage,| No. 22 Gage,|No. 22 Gage,|No. 28 Gage, - 22 
2.50z per | 2.502 per | 2.00z per | 1.5 0z per | 1.25 oz 0.75 oz per | 0.75 oz per ue” 
sq ft? sq ft® sq ft® sq sq ft' sq ft sq ft coated 
3 et Years To | YearsTo | YearsTo | YearsTo | YearsTo | Years To Years To 
R (T) 13.4 | 25.0 | 12.4 ° 8.4 nd 6.4 | 17.9] 7.4 | 14.4 5.9 
(B) 13.4 S 12.9 9.4) 21.9) 7.4 | 19.4] 6.9 | 15.9 
Vv (T) 12.4 | 24.0 | 10.9 | 24.0 9.9} 19.4] 7.4 | 19.9] 6.4 | 19.4] 5.4 | 13.4].. 4.9(V) 
U) (B) 10.9 ity 12.4 0 | 10.4 | 19.4] 6.9 | 20.4] 7.4 | 15.4] 4.5 | 11.0 5.4(U) 
N ‘ 11.4 ° 9.4 ° 7.4 | 18.4) 6.9 | 15.4] 4.5 | 11.4 | 4.5/11.4/24.0) 5.9 
) 10.4 ° 9.9 | 20.9 | 7.4 | 17.4] 5.9 | 15.4] 4.5 | 11.0 | 6.4/12.0/25.0 
T % 12.4 | 25.0 | 15.9 ° 9.9 | 23.0) 6.9 | 17.9| 5.9 | 15.9] 4.5 | 13.4 | 4.5|13.4/20.9) 6.4 
12.4 | 24.0 | 16.4 ° 9.9 | 19.4] 6.9 | 14.4] 5.4 | 15.4] 4.5 | 11.0 | 5.4/12.0/25.5 
(T) 10.9 11.4 | 23.0] 8.4 7.4 | 17.4) 6.4 | 16.4] 4.5 | 11.0 | 4.5/12.0). 
(B) 12.4 13.4 8.4 | 24.0] 8.4 | 17.9] 6.9 | 13.4] 5.4 | 13.4 | 4.5/11.4). 
(T) 10.4 11.9 9.9 | 21.4] 7.4 | 15.9] 5.9 | 12.9] 4.5 9.9 | 4.5} 9.9 
(B) 11.4 13.4 12.4 | 23.0 | 9.4 | 16.9] 7.4 | 15.4] 4.9 9.4 | 5.4] 9.4/25.5 
C (T) 11.4 8.4 | 25.0} 7.4 | 19.4] 6.9 | 15.4] 4.5 | 12.4 -|10.4 
(B) 18.4 9.4 | 24.0 | 7.4 | 19.4] 7.4 | 14.4] 4.5 | 11.4 
K ) 10.9 11.4 10.4 | 20.9 | 8.4 | 15.9 | 7.4 | 13.9] 4.5 9.4 | 4.5 |10.0)24.0)12.4 
) 10.4 ° 12.9 ° 11.4 | 23.0 | 8.4 | 17.4] 7.4 | 13.9] 6.4 | 10.4 | 4.9/10.0/25.0 
Ww 13.4 11.4 | 23.0 | 8.4 | 17.4] 7.4 | 14.4 -| 4.9 
14.4 11.4 | 21.9] 7.4 | 19.4] 6.4 | 16.4 
Aver- 9.9] .... | 7.6 | 17.9] 6.8 | 15.2] 4.8 | 11.3 |4.9/11.1).... 
age 


* Not perforated at end of test (25 years). 
* Coating weight is ‘‘oz per sq ft” of sheet (both sides). 


4 relative corrosiveness of the five loca- 


_ tions was as follows: 


the marine atmosphere at Key West 
and by the comparatively early failure 


aitiniestiibeadieeteds of the 28 by 30-in. corrugated uncoated 
sheets at that location. In the marine 
To Open- | 15 Open- atmosphere, the attack on the ground- 
ToZinc| rons | earth ward side near the lower edge of such 
| Steel (K) specimens is very much greater than in 

industrial atmospheres. 
Key West......... 1.0 | 1.0 1.0 Because of the long time required for 
uncoated, nonalloyed steel sheets to 
Pittsburgh......... 8.4 1.6 | 0.28 show perforations in any except the 
«000008 9.2 | 0-8 | 0-35 severe locations, the subcommittee 
* Not yet perforated. = recommends that no future atmospheric 
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corrosion testing be done by perfora- not occur at any other test site. The 
tion methods and that consideration be severity of this attack is emphasized by 
given to loss of weight methods. 

2. As shown above, the atmosphere at gage 2.5-oz coated sheets. At the end of 
Sandy Hook was much more corrosive the test, January, 1952 (25.5 yr), only 
to zinc than the atmosphere at Key four sheets showed localized attack that 
West. The prevailing westerly winds at had not resulted in visible perforations. 


TABLE XI.—LIFE OF CORRUGATED GALVANIZED AND BLACK SHEETS 26 BY 30 IN. 
Exposed at Key West, Fla. on June 9, 1926. 


the perforation of five of the ten 16- 


| No.22 | | | 
No. 16 Gage, No. 22 Gage, No. 22 Gage, Gage, No. 22 Gage, No. 22 Gage, No. 28 Gage,| *~°* 
A 2.5 oz ber 2.0 oz per 1.5 oz 1,25 oz per 0.75 oz per 0.75 oz per Ua-. 
sq ft' | sq ft per 5a sq ft' sq ft sq ft' coated 
Sheet Yearsto | Yearsto | Years to Years to Years to Years to 
Years 
R (T) 1.5 | 20.8 | 21.5 | * '14.8 17.8]....|.... 
(B) 22.8 9.8 | 11.8 | 17.8) ° 11.8 14.8)....).... 3.6 
| 
(T) 19.8 20.8 | 19.8 | 21.5| * 11.8 17.8113.8 8 3.60) 
| 
(or U) (B) 19.8 19.8 | 12.8 | 17.8] 3.6(V) 
N (T) 25.5 4. 12.8 | 22.8 21.5 13.8 14.8 17.8 10.6]11.8)19.8 12.8 21.5 
(B) 20.8 1. 13.8 | 17.8 21.5 11.8 17.8 17.8 20.8) 3.6 
| | | | 
T (T) Ss. 12.8 | 17.8 | * (17.8 21.5 17.8 12.8|20.8'17.8 10.6 21.5 
(B) 7. 13.8 | 17.8 | {11.8 17.8 14.8 3.6 
| 
Y (T) 20.8 19.8 * |10.6 las 11.8 19.8 11.8 
S (T) 24.8 25. 11.8 | 21.5 | * (12.8 17.8 19.8 11.8)14.8 17.8 11.8 14.8 
(B) 22.8 21.5 | 13.8 | 17.8 | * 13.8 17.8 19.8 10.6/14.8 17.8 10.611.8 3.6 
C (T) 17.8 | 17.8 | * 12.8 14.8 19.8 12.8 as.si....| 5.7 
(B) 22.8 21.5 | 12.8 | 17.8] * |13.8 
| | 
K (T) 12.8 | 19.8 * |17.8 20.8 17.8 22.8|22.8 17.8 14.8 21.5 
(B) 20.8 24.8 | 17.8 | 21.5 | * |14.8 17.8 17.8 10.6)19.8 17.8 11.8 21.5 4.6 
| | 
(B) 25.5 22.8 25.5 | 19.8 | 21.5!) ° j19.8 22.8 | 3.6 
* Coating weight is ‘oz per sq ft” of sheet (both sides). 
* Had not failed at end of test January, 1952 (25.5 yr) 


ist Rust is based on same standards as at other test locations and ignores pe originating from pone 4 : 
ister an > 


Spots—First sign on top surface of corrosion originating from underside o' 


crack and finally become “perforations. 


the former location undoubtedly carry We have no explanation for the peculiar 
contaminants to type of attack, nor for the absence of 
cause the corrosion of zinc to be greater attack on the nine sheets in the test. 
than in a purely marine atmosphere. 

3. The severe yet localized attack on of zinc is even less affected by minor | 
the groundward surfaces of the gal- yearly changes in corrosivity of the 
vanized sheets at Key West, which atmosphere at State College than at 
resulted in perforations in all but twelve Pittsburgh, Altoona, and Sandy Hook. 
of the eighty-four 22-gage sheets, did 


sufficient 


industrial 


sheet. These yellow spots 


It is seen in Fig. 1 that the corrosion and 


Also, the slope of the line is noticeably 
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less than those in the plots for the other 
three locations. 


CONCLUSIONS 
Uncoated Steels: 


In the opinion of the subcommittee, 
the exposure tests discussed above show 
that: 

1. In all five atmospheres, steels or 
irons having 0.2 per cent minimum cop- 
per content have better resistance than 
steels with residual copper contents. 
The ratios vary from about 1 to 1 to 
4 to 1 depending upon the type of ma- 
terial and the location. The average life 
of all sheets with 0.2 per cent minimum 
copper is about fwice that of sheets 
with residual copper. 

2. The corrosiveness of the several 
atmospheres varies more than the dif- 
ferences in corrosion resistance of the 
materials tested. The greatest ratio 
found of the average life of the most 
resistant steels to the average life of the 
least resistant is about 4 to 1; whereas, 
the greatest ratio found for the corro- 
siveness of Pittsburgh to that of An- 
napolis is 12 to 1, and for Pittsburgh to 
State College is 11 to 1. 
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Galvanized Sheets: 


3. The corrosion rate of the zinc on 
galvanized sheets is practically linear in 
industrial or rural atmospheres. This is 
also the case in a marine atmosphere 
that is polluted with industrial con- 
taminants. In other words, in these 
atmospheres a sheet with double the 
weight of coating of another can be 
expected to last twice as long before 
rusting of the base metal occurs. 

4, The composition of the base metals 
had no measurable effect on the life of 
the zinc coatings; however, the com- 
position of the base metals was the 
major factor in the “years to perfora- 
tion.” 

5. The corrosion rate of zinc varies 
more with the type (marine, industrial) 
of atmosphere than does that of steel or 
iron. Galvanized sheets remained un- 
rusted nine times as long at Key West 
as at Pittsburgh. 

This report has been submitted to 
letter ballot of Subcommittee XIV and 
unanimously approved. 


Respectfully submitted on behalf of 
the subcommittee, 
C. P. LARRABEE, 
Chairman. 
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REPORT OF SUBCOMMITTEE XV 


This report summarizes the results of 
the atmospheric corrosion tests on wire 
and wire products through 1953. De- 
tailed results are reported in the odd- 
numbered years, and reference to these 
earlier reports of Committee A-5 on 
Corrosion of Iron and Steel, which ap- 
peared in the Society’s Proceedings for 
1939, 1941, 1943, 1945, 1947, 1949, 1951, 


(CovERING 1953 


TESTS OF WIRE AND WIRE PRODUCTS 


ON ATMOSPHERIC EXPOSURE 


coating thickness, 1 oz per sq ft of surface 
may be considered as averaging 0.0017 
in. thick for zinc coatings, 0.0013 in. 
thick for copper coatings, and 0.0010 in. 
thick for lead coatings." 
Specimens of wires and wire products 
have been exposed for approximately 
17 yr at eleven locations. The location 
of these sites and their general classifica- 


INSPECTIONS) 


and 1953 will be helpful in studies of tion regarding atmospheres are as 
these data. These earlier reports contain follows: 
Test Location “Rmospher of | Remarks 


Pittsburgh, Pa 


Industrial 
Seacoast 


Bridgeport, Conn 
Sandy Hook, N. J 
Santa Cruz, Calif 


State College, Pa... Rural 
Rural 
Manhattan, Kans............... Rural 
Rural 
College Station, Texas.......... | Rural 
Davis, Calif Rural 


industrial 


Rural (marine) 
— 


On Brunot Island in the Ohio River 
about 2 miles west of the city 

In the city 

About 300 yards from the Atlantic Ocean 

About 3 miles from the Pacific Ocean 

Central Pennsylvania 

Wabash River Valley 

Central Iowa 

Kansas River Valley 

Central New York 

About 120 miles inland 

About 80 miles inland 


descriptions of the test methods, micro- 
graphs, and other characterizations of 
specimens in the test as well as the data 
assembled during previous inspections. 
Most of the materials being tested are 
bare and zinc-coated steel wires and wire 
products, but copper-covered and lead- 
coated steel wires and chromium and 
chromium-nickel steel wires are also 
included. The coatings are expressed in 
weight terms of ounces per square foot 
of surface. For ready comparisons of 
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At each location more than 900 speci- © 
mens were exposed. These included short 
lengths of wire (42 in. long) and wire 
strand at all locations, farm field fence 
at nine sites, barbed wire at eight loca- 
tions, and chain link fence at eight lo-— 
cations. 

The extent of corrosion is being meas- 


1 The lead-coated wires in these tests were 
lead coated over a bonding coat of zinc. See 
Proceedings, Am. Soc. Testing Mats., Vol. 43, 
p. 87 (1943) for analysis of lead coatings. 
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TABLE B.—REPORT OF GROUP AVERAGES THROUGH 1953—17 YEARS OF EXPOSURE. 
Abbreviations and symbols used to designate appearance or state of corrosion: M = metallic; 
G = gray; MG = intermediate between M and G; Y = yellowed or rust stained but not showing 
actual rough rust of base metal; R = rust of base metal, figures preceding R (as 5, 10, 50, 100) 
are percentages; PHR, PHY = rust or yellowed in pinholes; SR, SY = speckled appearance of rust 
or yellowing; Br, Gn = corroded to a brown or green appearance; D = dark (dirt or soot) to the 
exclusion of a better observation; GY = predominantly gray but showing indications of Y. 
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Coating Group or Weight State 


* 2) College, | Lafayette, | Ames, | Manhattan, | Ithaca, Santa | College Davis, 
Farm Frevp Fence* 
0.20 to 0.30... 6 | 100R 100R | 100R! 67R | 100R 79R | 100R 77R 
0.25 to 0.35. ......../ 5 | 100R | 100R | 100R) 33R | 100R 53R 75R 50R 
6 | 100R 100R 100R 12R | 100R 30R 50R 8R 
0.45 to 0.55......... 6 | 100R 100R | 100R 1R 100R, 24R 10R GY 
0.50 to 0.60......... |7| 99R 100R | 54R G | 100R 8R| 4R G 
0.60 to 0.70......... 8| 96R 96R | 46R) 91R} 3R| MG 
0.70 to 0.85. . 8 70R 94R 12R MG 79R G G MG 
0.80 to 1.00.. 8 30R 74R 3R MG 53R 3R 1R MG 
3 GY 2R G| MG | MG G| MG 
M G G MG MG MG G MG 
12-14% Cr, cold drawn} 1 M M SY M MG 8s5SR 20R) 80R 
12-14% Cr, air 
quenched.......... 1 M M SY MG MG; 40SR 78R| 40SR 
18 Cr-8 Ni........... 1 M M M M M MG M MG 
Copper covered (7.42 
en per an GB. ..06.06:0% 1 Gn Gn Br Br Gn Gn Br Br 
Lead coated (1.48 oz 
1| PHR| 20PHR 30R 15R 35R|} 45SR 20R 75R 
Barsep WIRE 
0,20 to 0.30......... 3| 100R| 100R| 100R; 47R| 100R| 6oR| 73R| 58R 
0.35 to 0.45......... 3} 100R 100R | 100R 15R | 100R 19R 13R GY 
0.50 to 0.60. . 3} 100R 100R 41R G 92R 13R 8R GY 
0.70 to 0.85. . 3 80R 100R 10R MG 85R G G MG 
0.80 to 1.00. . 2 10R 27R G) MG G G MG 
1.60 to 1.80... 3| GY 13R G| MG 7R G G| MG 
2.00 or more......... 3 G G G MG 15R G G MG 
Copper covered (3.97 | 
oz per sq ft)........ 2 Gn Gn Br Br Gn| GnRB Br| BrRB 
Lead coated (1.83 oz 
2 40PHR 10PHY 35R| 33SR 4R| 25SR 


> _ @ Ratings based on upper half of fence 
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ured by visual examination of all speci- 
mens at the test site and by tension tests 
on the unfabricated wire specimens. 
During 1953 the Bridgeport and State 
College specimens were inspected in the 
spring by a traveling committee. In- 
spections were made in the fall of 1953 
at the other test sites by the university 
people in charge of the test plots. 

The summarized inspection records of 
corrosion through 1953 are shown in 
Table A for unfabricated wire specimens, 
wire strand and chain link fence, and 
Table B for farm field fence and barbed 


Tensile strength tests were made on 
43 selected specimens from Bridgeport : 
during 1953. These tensile strength data . 
do not show any noticeable change from 
the rate of loss of tensile strength pre- 
viously reported. The results of these — 
tension tests will be given in the 1955 re- 
port. 


Respectfully submitted on behalf of 
the Wire Test Inspection Committee, 
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MAGNETIC PROPERTIES* 


“i Committee A-6 on Magnetic Proper- 
ties held two meetings during the year: 
on June 29, 1953, during the Annual 

_ Meeting of the Society in Atlantic City, 
-N. J., and on February 17, 1954, in 
‘Eas Pittsburgh, Pa., as guests of the 

_ Westinghouse Electric Corp. 

_ There has been activity during the 
year in the task groups concerned with 
ees for electrical sheet and 
_ Strips, and normal variability of mag- 

netic properties of electrical sheet, as 
va as the task groups considering the 


= of a manual of magnetic 


testing, and the complete revision of the 
specifications for a-c testing. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, A. C. Beiler. 

Vice-Chairman, D. C. Dieterly. 

Secretary, Milan Getting, Jr. 

NEw TENTATIVE 
_ The committee recommends the fol- 
lowing two specifications for publication 
as tentative as appended hereto:! 
Flat-Rolled Grain-Oriented Electrical Steel, 3 
per cent Silicon Content, in Cut Lengths or 
Coils 


Flat-Rolled Electrical Steel, 3.5 to 5 per cent 
Siicon Content, in Cut Lengths or Coils. 


5 Specifications for: 


* © Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 

1The new tentatives were accepted by the 
Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 1. 
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TENTATIVE REVISION 


The committee recommends tentative 
revisions of the Standard General Spec- 
ifications for Flat-Rolled Electrical Steel 
(A 345 - 49),? as appended hereto.’ 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
tentative revisions of the Standard 
Methods of Test for Alternating Current 
Core Loss and Permeability of Magnetic 
Materials (A 343 - 49),? issued Septem- 
ber 5, 1952, be approved for reference 
to letter ballot of the Society for adop- 
tion as standard. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 32 members; 20 members 
returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. SANFORD, 
"Chairman. 
M. GETTING, JR. 
Secretary. 
2 1952 Book of ASTM Standards, Part 1. 
3 The revised tentative was accepted by the 
Society and appears in the 1954 Supplement to 


Book of ASTM Standards, Part 1. 
* The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 


on record at ASTM Headquarters. 
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Castings held two meetings during the 
past year: at Atlantic City, N. J., on 
June 30, 1953, and at Washington, D. C., 
on February 4, 1954. 

During the year the committee lost by 
death the services of one of its long-time 
and helpful members—Mr. R. W. Par- 
sons, who very effectively represented 
the Ohio Brass Co. The committee re- 
grets the loss of Mr. Parsons but wel- 
comes his successor, Mr. Alton W. 
Bardeen, Technical Director of the 
Company. 

Prof. Peter E. Kyle of Cornell Uni- 
versity found it necessary to resign 
from Committee A-7 due to pressure of 
other activities. The committee notes 
with regret the loss of his assistance. 

At the present time the committee con- 
sists of 53 members, of whom 26 are 
classified as producers, 16 as consumers, 
and 11 as general interest members. 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
Tentative Specification for Malleable 
* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
11952 Book of ASTM Standards, Part 1. 
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MALLEABLE-IRON CASTINGS* 
Committee A-7 on Malleable-Iron Iron Flanges, Pipe Fittings, and Valve — 


Parts for Railroad, Marine and Other ~ 
Heavy Duty Service (A 338-517)! be 
approved for reference to letter ballot of 
the Society for adoption as standard ~~ 
without change. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Chemical and Phys- 
ical Methods of Testing (L. G. Toye, 
chairman) has continued to give con-— 
sideration to the impact testing of vari- 
ous types of malleable iron, giving 7 
thought to temperature effects and the ~ 
determination of transition temperature 
values. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 56 members; 36 members returned — 
their ballots, of whom 34 voted affirma- _ 
tively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. A. KENNEDY, 
Chairman. 
James H. Lansine, 
Secrelary. 
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ON 


IRON-CHROMIUM, IRON-CHROMIUM-NICKEL, AND RELATED 
ALLOYS* 


Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel, and Related Al- 
loys held meetings at Atlantic City, 
N. J., on July 1, 1953, during the Annual 
Meeting of the Society, and on February 
4, 1954, at Washington, D. C., during 
ASTM Committee Week. 

The present committee consists of 105 
members, of whom 45 are classified as 
producers, 42 as consumers, and 18 as 
general interest members. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, Jerome Strauss. 

Vice-Chairman, L. L. Wyman. 
Secretary, M. A. Cordovi. 


New TENTATIVE 


The committee recommends that the 
proposed Tentative Recommended Prac- 
tice for Descaling and Cleaning Stainless 
Steel Surfaces be accepted for publica- 
tion as tentative, as appended hereto.' 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
Tentative Specifications for Hot-Rolled 
and Cold-Finished Corrosion-Resisting 
Steel Bars (A 276-49 T)* be approved 
for reference to letter ballot of the 
Society for adoption as standard with 
the following changes: 

* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1The new tentative was accepted by the 
Society and appears in the 1954 Supplement to 


Book of ASTM Standards, Part 1. 
2 1952 Book of ASTM Standards, Part 1. 


Section 2.—Revise to read as follows: 


2. Orders for material under these specifica- 
tions shall include the following information: 

(1) Name of material: Corrosion-resisting 
(stainless steel) bars, 

(2) Condition (Section 3 (a)), 

(3) Finish (Section 3 (6) and (c)), 

(4) Form, 

(5) Applicable dimensions: ; 

Size, 


Length 

(6) Type designation (TableI), 

(7) ASTM Designation and year of issue, and 

(8) Special requirements (if required). 

Nore.—A typical ordering description fol- 
lows: “Corrosion-resisting (stainless steel) an- 
nealed flat bar, cold-finished, 0.375 by 1 by 96 in., 
type 302, conforming to ASTM Standard Speci- 
fications A 276 — 54 T, except that the minimum 
tensile strength shall be 60,000 psi.” 


Section 3.—Change heading to “Condi- 
tion and Finish” and revise the text to 
read as follows: 


3. (a) Bars may be furnished in one of the 
following conditions: 


Condition 

A....... Annealed (all grades) 

Cold worked - high tensile (types 
302, 303, 304, and 316) 

ea Tempered (types 410 and 416) 

H....... Heat-treated (types 410 and 416) 


(6) Bars in the hot-finished condition, which 
conform to the tolerances shown in Tables ITI, 
IV, and V, may be furnished with one of the fol- 
lowing finishes: 

(1) Scale not removed (conditions A, T, H 
only), 
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TABLE I.—PHYSICAL TEST REQUIREMENTS. 
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(2) Pickled (conditions A, T, H only), and 
_ (3) Turned (conditions A, T, H only, round 
bars only). 

(c) Bars in the cold-finished condition, which 
conform to the tolerances shown in Tables VI, 
VII, and VIII, may be furnished with one of the 
following finishes: 

(1) Cold-drawn or cold-rolled (conditions 
A, B, T only), 

(2) Centerless ground (all conditions, round 
bars only), and 
(3) Polished (all conditions, round bars only). 


Table II.—Delete the present Table 


II and replace by the accompanying 
Table I. 


TABLE II.—PERMISSIBLE VARIA- 
TIONS IN SIZE OF COLD-FINISHED 
HEXAGONS AND OCTAGONS. 


Permissible 
Variations 
Under Specified 
Dimension, 


Specified Dimensions Between Opposite 
Sides, in. 


0.004 
0.006 
0.008 


* No permissible variations over the specified 
dimension. 

When it is necessary to heat treat or heat 
treat and pickle after cold finishing, because of 
special hardness or mechanical property require- 
ments, tolerances are commonly double those 
shown in the table. 


Tables VII and VIII.—Revise to con- 
form with the tolerances shown in Tables 
61 and 62 of Section 24 of the American 
Iron and Steel Institute’s Steel Product 
Manual. See the accompanying Tables II 
and III. 


REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption revision of the follow- 
ing standards, and accordingly asks for 
a nine-tenths affirmative vote at the 
Annual Meeting in order that these 
recommendations may be referred to 
letter ballot of the Society. 
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Standard Specifications for Corrosion- 
Resisting Chromium-Nickel Steel Plate, 
Sheel, and Strip (A 167 - 44)? 

Table II.—Change the title to read 
“Mechanical Test Requirements.” 

Section 7.—Change the heading to 
read “Mechanical Properties.” In Para- 
graph (a) change “physical properties” 
to read “mechanical properties.” Delete 
“however” in the last sentence of Para- 
graph (0). 


TABLE III—PERMISSIBLE VARIA- 
TIONS IN SIZE OF COLD-FINISHED 
FLATS. 


Permissible Vari- 
tions from Specified 
Width, Over or 


Permissible 
Under, Variation 
Specified Width or from 
Thickness, in. Thickness, 
For For Over or 
Thick- | Under, in* 


Under in 
Over 3¢ to 1, incl. .| 0.004 | 0.002 | 0.002 
Over 1 to 2, incl...| 0.006 | 0.003 0.003 
Over 2 to 3, incl...) 0.008 | 0.004 | 0.004 
Over 3 to 4'4, incl.| 0.010 | 0.005 | 0.005 


* When it is necessary to heat treat or heat 
treat and pickle after cold finishing, because of 
special hardness or mechanical property require- 
ments, tolerances are commonly double those 
shown in the table. 


Section 8 (b).—Revise to read as fol- 
lows: 


(b) Material up to and including 3¢ in. in 
thickness shall be bent over a single piece of flat 
stock of the same thickness as the material 
tested, allowing the test material to form its nat- 
ural curvature. 

Note.—Bend may be made over a diameter 
equal to the thickness of the test material. 


Section 8 (c).—Revise to read as fol- 
lows: 


(c) Material over 3¢ in. in thickness shall be 
bent over two pieces of flat stock, each being of 
the same thickness as the material tested, allow- 
ing the test material to form its natural curva- 
ture. 
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Nore.—Bend may be made over a diameter 
equal to two times the thickness of the test ma- 
terial, or over a single piece of flat stock twice 
the thickness of the test material. 


Section 9 (a).—Revise to read as fol- 
lows: 


9. (a) Tension test specimens shall be taken 
from finished material and shall be selected 
either in the longitudinal or transverse direction. 
The tension test specimens shall conform to 
Sections 6, 7, or 8 of ASTM Method E 8. See 
Section 9 of Method E 8 for selection of test 
specimen. When the plate-type specimen is used 
it shall conform to the dimensions of Fig. 5 of 
Methods E 8 except, if desired, it may have 
straight parallel edges with the following dimen- 
sions: plate thickness by 14 in. (+ 4 in., — } 
in.) by 16 in. minimum length. 


Figure 1.—Delete. 
Figure 2.—Delete. 


Section 9 (b)- Revise to read as fol- 
lows: 


(b) Transverse bend test specimens from 
sheet and strip shall be the full thickness of the 
material and approximately 1 in. in width. The 
edges of the test specimens may be rounded to a 
radius equal to one half the thickness. 


Section 9 (c).—Insert a new Paragraph 
(c) as follows and reletter present Para- 
graph (c) and subsequent paragraphs 
accordingly : 


(c) The width of strip for which bend tests 
can be made is subject to practical limitations on 
the length of the bend test specimen. For narrow 
strip the following widths can be tested: 


Minimum Strip Width 
and Minimum 
Length for Transverse 


Strip Thickness, in. end Tests, in. 


0.100 and under.......... 
0.101 to 0.140.......... oa 
0.140 and over........... 14% 


Bend test specimens for sheet and strip may be 
of any suitable length over the above minimum 
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Section 9 (f).—Revise to read as fol- 
lows: 
(f) Hardness tests may be made on the grip 


ends of the tension test specimens before they 
are subjected to the tension test. 


Section 10.—Revise to read as follows: 


10. In the case of sheet or strip produced in 
coil form, two or more tension tests (one from 
each end of the coil), one bend test, and one or 
more hardness tests shall be made on samples 
taken from each coil. When material is produced 
in sheet, strip, or plate form, one tension, one 
bend, and one or more hardness tests shall be 
made on each 100 or less sheets, strips, or plates 
of the same gage and heat produced under the 
same processing conditions. 


Standard Specifications for Corrosion- 
Resisting Chromium Steel Plate, Sheet, 
and Strip (A 176-49). 

Table II.—Change the title to read 
“Mechanical Test Requirements.” 

Section 7.—Change the heading to 
read ‘Mechanical Properties.” In Para- 
graph (a) change “physical properties” 
to read “mechanical properties.” Add 
new Paragraph (c) to read as does Sec- 
tion 7 (c) of Specifications A 167.? 

Section 8 (b).—Revise to read as indi- 
cated above for Section 8 () of Specifi- 
cations A 167. 

Section 8 (c).—Revise to read as indi- 
cated above for Section 8 (c) of Specifica- 
tions A 167. 

Section 9 (a).—Revise to read as indi- 
cated above for Section 9 (a) of Specifica- 
tions A 167. 

Figure 1.—Delete. 

Figure 2.—Delete. 

Section 9 (b).—Revise to read as indi- 
cated above for Section 9 (6) of Specifi- 
cations A 167. 

Section 9 (c).—Insert new Paragraph 
(c) as indicated above for Section 9 (c) 
of Specifications A 167. Reletter present 
Paragraph (c) and subsequent para- 
graphs accordingly. 


Gs : 
| 
‘ » 


Section 9 ({).—Revise to read as indi- 
cated above for Section 9 (f) of Specifi- 
cations A 167. 
Section 10.—Revise to read as indi- 
cated above for Section 10 of Specifica- 
tions A 167. 


Standard Specifications for High- 

Strength Corrosion-Resisting Chromium- 

Nickel Steel Sheet and Strip (A 177 - 44)2 
Section 8 (b).—In the last sentence, 

delete “however.” 

Section 9 (c).—Revise to read as fol- 

lows: 


9. (c) For the 180-deg bend test in Table II 
[the accompanying Table IV], N is the num- 
ber of pieces of flat stock, of the same thick- 
ness as the test material, over which the test 
material shall be bent. For the 90-deg bend 
tests, the inside radius of the bend shall be V 
times the thickness of the test material. 

Note.—The 180-deg bend test may be over a 
diameter equal to N times the thickness of the 
test material. 


TABLE IV.—BEND TEST 
REQUIREMENTS. 


0.031 to | 0.051 in. 
and less in| 0.050 in. in| and over in 

Thickness | Thickness Thickness 
Temper 


2 
Quarter hard...| 180} 2 | 180/2 90 | 2 
180} 90 | 2 


00 


* See Section 9(c). 


Section 10 (a).—Change the first sen- 
tence to read as follows: 


(a) Tension test specimens shall be taken 
from finished material and shall be selected in 
the transverse direction, except in the case of 
strip under 9 in. wide, which shall be sampled in 
the longitudinal direction. 


Section 10 (b).—Revise to read as fol- 
lows: 


(b) Transverse bend test specimens from 
sheet and strip shall be the full thickness of the 
_ material and 1 in. in width. For strip up to 1 in. 
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wide, longitudinal bend test specimens shall be 
the full thickness of the material and of the same 
width as the strip. For sheet or strip 1 in. wide 
and over, longitudinal bend test specimens shall 
be the full thickness of the material and approxi- 
mately 1 in. in width. 


Section 10.—Insert new Paragraph 
(c) to read as follows: 


(c) The width of strip for which transverse 
bend tests can be made is subject to practical 
limitations in the length of the bend test speci- 
men. For narrow strip, the following widths can 
be tested: 

Minimum Strip Width 
and Minimum Specimen 


Length for Tranverse 


Strip Thickness, in. Bend Tests, in. 


0.100 and under.......... 14 
1 
0.140 and over........... 1% 


Longitudinal or transverse bend test specimens 
for sheet and strip may be of any suitable length 
over the above minimum length. 


Section 11.—Revise to read as indi- 
cated above for Section 10 of Specifica- 
tions A 167. 


Standard Specifications for Corrosion- 
Resisting Chromium and Chromium- 
Nickel Steel Plate, Sheet, and Strip for 
Fusion-Welded Unfired Pressure Vessels 
(A 240 49)? 

Table II.—Change the title to read 
“Mechanical Test Requirements.” 

Section 8.—Change the heading to read 
“Mechanical Properties.” Reletter pres- 
ent Section as Paragraph (a); change 
“physical properties” to read ‘‘mechani- 
cal properties.” Add new paragraph (0) 
to read as does Section 7 (c) of Specifica- 
tions A 167. 

Section 9 (b).—Revise to read as indi- 
cated above for Section 8 (6) of Specifi- 
cations A 167. 

Section 9 (c).—Revise to read as indi- 
cated above for Section 8 (c) of Specifica- 
tions A 167. 

Section 10 (a).—Revise to read as indi- 
cated above for Section 9 (a) of Specifica- 
tions A 167. 


Figure 1.—Delete. 
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Figure 2.—Delete. 

Section 10 (b).—Revise to read as indi- 
cated above for Section 9 (b) of Specifica- 
tions A 167. 

Section 10 (c).—Insert new Paragraph 
(c), relettering subsequent Paragraphs 
accordingly as indicated above for Sec- 
tion 9 (c) of Specifications A 167. 

Section 10 (f).—Revise to read as indi- 
cated above for Section 9 (f) of Specifica- 
tions A 167. 

Section 11.—Revise to read as indi- 
cated above for Section 10 of Specifica- 
tions A 167. 


RECOMMENDATIONS JOINTLY WITH 
A-1 


Committee A-10 joins with Committee 
A-1 on Steel in recommending the revi- 
sion of Tentative Specifications for 
Seamless and Welded Austenitic Stain- 
less Steel Pipe (A 312-51 T)* and the 
immediate adoption of revisions in the 
following standards, and accordingly 
requests the necessary nine-tenths vote 
at the Annual Meeting in order that these 
recommendations may be referred to 
letter ballot of the Society: 

Standard Specifications for Seamless 
and Welded Ferritic Stainless Steel Tubing 
for General Service (A 268 — 53),* 

Standard Specifications for Seamless 
and Welded Austenitic Stainless Steel 
Tubing for General Service (A 269 — 52), 

Standard Specifications for Seamless 
and Welded Austenitic Stainless Steel 
Sanitary Tubing (A 270 — 50),? and 

Standard Specifications for Seamless 
Austenitic Chromium-Nickel Steel Still 
Tubes for Refinery Service (A 271 - 53).* 

The revisions in Tentative Specifica- 
tions A 312, and Specifications A 268, 
A 269, A 270, and A 271 are detailed in 
the report of Committee A-1. 
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The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IV on Methods of Corro- 
sion Testing (F. L. LaQue, chairman).— 
A task group under the chairmanship of 
E. G. Holmberg prepared the recom- 
mended practice for descaling and clean- 
ing stainless steel surfaces which is ap- 
pended hereto.! 

Another task group, under the chair- 
manship of C. P. Larrabee, has exposed 
nine compositions of stainless steel with 
two surface finishes at atmospheric test 
locations in Pittsburgh and New York 
City. The object is to develop data perti- 
nent to the use of stainless steels in archi- 
tectural applications in industrial at- 
mospheres and especially to compare 
straight chromium, chromium-manga- 
nese, and chromium-nickel compositions. 

Under the direction of M. H. Brown, 
boiling nitric acid tests were carried out 
on remnants of Charpy impact test speci- 
mens left from the studies of sigma phase 
and its identification undertaken by Sub- 
committee VI. The results indicated 
that the form and distribution of the 
sigma phase and associated carbides were 
more important than the amounts pres- 
ent in determining the severity of the 
attack. These data were turned over to 
Subcommittee VI for appropriate refer- 
ence in their report of their investiga- 
tions of sigma phase. 

Under the chairmanship of K. M. Hus- 


ton, a task group has prepared a draft of _ 


a procedure for carrying out the acidified 
copper sulfate test for intergranular cor- 


rosion of stainless steels. This is being — 


circulated in the subcommittee for criti- 
cal comment. 
5 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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A subgroup under the chairmanship of 
_M. H. Brown prepared a footnote for 
Recommended Practice A 262-52 T 
(boiling nitric acid test) which calls 
attention to the high rates of corrosion 
that might be observed with certain 
grades of stainless steel (sensitized 316L, 
316 Cb, and 321) due to causes other 
_ than carbide precipitation. 

Another subgroup, also headed by M. 
_H. Brown, prepared a draft of a proposed 
- supplement to Recommended Practice 
A 262-52T (boiling nitric acid test) 


_ which would provide for the use of the 


electrolytic oxalic acid etching technique 
as a means of screening lots of stainless 
steel so that those that passed the etching 
test would not need to be subjected to the 
boiling nitric acid test. This is being cir- 
- culated in the Committee for approval by 
— letter ballot. As a basis for this action, the 
results of round-robin tests on wrought 
alloys by several laboratories and on cast 
alloys by investigators for the Alloy 


- Casting Institute at Ohio State Univer- 


sity and in the laboratories of the 
~Duriron Co. were published under 


sponsorship of Subcommittee IV in the 


February, 1954, issue of the ASTM 
BULLETIN. 

The task group on inspection of archi- 
tectural applications of stainless steel 
was reactivated under the chairmanship 
_ of J. B. Henry. This group has made an 
inspection of several installations and 
will submit a report at the time of the 
June meeting. 

Progress has been made in working out 
final details of the large-scale program of 
atmospheric tests of stainless steels. Ar- 
rangements for procuring the specimen 
materials are being completed through 
the Stainless Steel Technical Committee 
of the American Iron and Steel Inst. 

G. Kiefer was appointed to represent 
Subcommittee IV as a liaison member to 
_ Subcommittee XTV on Conditioning and 
_ Weathering of Committee E-1. This 
subcommittee is concerned with stand- 

ardization of humidity cabinet tests. 
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Subcommittee V on Mechanical Testing 
(R. Heyer, chairman).—The Task Group 
on Tension Testing recommended that 
the cooperative tension tests on annealed, 
} hard, and } hard temper type 301 in 
two thicknesses be repeated, using a fixed 
straining rate of 0.4 in. per in. per 
min. A recommendation was also made 
for changing the gage length require- 
ment for tension tests in Specifications 
A 276 - 49 T. 

During the year the subcommittee re- 
viewed the mechanical test requirements 
of the specifications for flat products and 
compiled a list of eighteen proposed 
changes in Specifications A 167, A 176, 
A 177, and A 240. 

Subcommittee VI on Metallography (R. 
Franks, chairman).—A report of Sub- 
committee VI on the etching techniques 
for identification of the sigma phase in 
stainless steels was completed and pub- 
lished in the 1953 Proceedings.® This 
work consisted of the investigation of 
a number of different etching reagents 
on 18 per cent chromium - 8 per cent 
nickel steels with and without molyb- 
denum. Certain samples of the steels con- 
tained the sigma phase as established by 
X-ray diffraction technique, while others 
contained none of the phase. The report 
gives data on etching procedures that 
can be safely used in identifying the 
sigma phase in stainless steels, provided 
the composition and thermal treatments 
of the steels are known. Further work in 
sigma phase identification will be under- 
taken as fresh approaches to the problem 
are indicated. 

Subcommittee VIII on Specifications for 
Wrought Products (R. B. Gunia, chair- 
man).—During the past year, Subcom- 
mittee VIII developed a number of revi- 
sions for Specifications A 276-49 T. A 


“Experiments on Etching Procedures for 
the Identification of the Sigma Phase in Aus- 
tenitic Chromium-Nickel Stainless Steels,” Ap- 
pendix to Report of Committee A-10, Proceed- 
ings, Am. Soc. Testing Mats., Vol. 53, p. 143 
(1953). 
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task group of this subcommittee has been 
assigned to review the problems en- 
countered in the hardness testing of 
stainless bars. 

Subcommittee IX on Specifications for 
Flat Products (G. W. Hinkle, chairman). 
—Several changes have been made in 
Specifications A 167, A 176, A 177, and 
A 240, bringing these specifications up to 
date. These include a change of tensile 
properties on type AISI 430, the inclu- 
sion of type 305 in Specifications A 167 
and A 240, and the inclusion of types 
304L and 316L with physical require- 
ments in Specifications A 240. On Speci- 
fications A 167, A 176, and A 240 there 
has been a clarification of alternate 
methods for determining yield strength. 
The physical properties for types 403 
and 410 in Specifications A 176 and 
A 240 have been clarified so that they 
now conform. 

A “Basis of Purchase” section has 
been approved for Specifications A 167, 
A 176, and A 177. In Specifications A 240, 
sensitizing tests for types 321 and 347 
have been established as to procedure 
and number of tests per shipment. 

Subcommittee XII on Specifications for 
High-Temperature Super-Strength Alloys 
(L. L. Wyman, chairman).—Task groups 
have listed all super-strength alloys of 
possible interest and compiled a report 
on the chemical compositions and rup- 
ture properties of these alloys, as well as 
patent coverage wherever known. Por- 
tions of this report were incorporated in 
a Special Technical Publication’ of the 
ASTM-ASME Joint Committee on Ef- 
fect of Temperature on the Properties of 
Metals. Drafts of “prototypes”—that is, 
broad specifications of the kinds of tests 
that should be included in detailed 
product specifications for the three types 

7See Appendix II, p. 206, “Report on the 
Elevated-Temperature Properties of Selected 
Super-Strength Alloys,” Am. Soc. Testing Mats. 


(1954). (Issued as separate publication ASTM 
STP No. 160.) 
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of alloys, that is, (a) hot-cold worked, 
(b) precipitation-hardened, and (c) cast 
—have been circulated to all subcommit- 
tee members for comment. 

Joint A-1-A-10 Subcommittee on Stain- 
less Tubing Specifications (J. J. B. 
Rutherford, chairman).—The attention 
of this group has been directed to the ac- 
tivities of other committees that are 
interested in stainless tubular products. 
The pipe section of Subcommittee XXII 
of Committee A-1 on Steel is formulating 
a specification for seamless austenitic 
stainless pipe which will be designated 
expressly for high-temperature service. 
A task force from Subcommittees [IX and 
XXII of A-1 is working on the subject of 
excessive testing. Numerous parties out- 
side of the Society have registered con- 
cern with the 1951 change in Specifica- 
tions A 312 which requires welding 
without filler metal. Their attention was 
directed to Specifications A 358, cover- 
ing welded stainless pipe (this specifica- 
tion was also prepared outside of this 
subcommittee). A task force was es- 
tablished to study the heat-treating 
clauses in the various stainless tubular 
products specifications. 

A letter ballot will be circulated in 
the subcommittee requesting approval 
of changes acted upon by Subcommittee 
IX of A-1, which represent general 
changes being made in all tubular prod- 
ucts specifications. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 103 voting members; 92 members 
returned their ballots, of whom 85 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of — 
the committee, 
JEROME STRAUSS, 
Chairman. 
M. A. CorpovI, 
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REPORT OF COMMITTEE B-1 
WIRES FOR ELECTRICAL CONDUCTORS* 


Committee B-1 on Wires for Electrical 
Conductors held three meetings during 
the year: one at the Society’s head- 
quarters in Philadelphia, Pa., on Oc- 
tober 2, 1953; one in Washington, D. C., 
on February 2, 1954; and one in New 
York, N. Y., on April 13, 1954. Meetings 
of the Advisory Committee and of 
Subcommittees II, IV, and VII also 
were held during the year. 

The election of officers for the en- 
suing term of two years resulted in the 
selection of the following: 

Chairman, D. Halloran. 

Vice-Chairman, W. R. Hibbard. 

Secretary, A. A. Jones. 

Election of members at large of the 
Advisory Committee resulted in the 
selection of the following: L. B. Curtis, 
A. A. Defoe, M. F. W. Heberlein, R. H. 
Lloyd, and S. Skowronski. 


The subcommittees’ organization and 


their chairmen remained unchanged. 

The committee now consists of 75 
members, of whom 36 are classified as 
producers, 27 as consumers, and 12 as 
general interest members. 


New TENTATIVE 


With the rapid growth of the elec- 
tronics industry, there has been increas- 
ing usage of small insulated conductors 
specially suited for this application. 
However, there has been no uniformity 
of specification requirements among the 
various groups of users, including the 


* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 


Military. The committee recognized the 
need for standardization efforts in this 
field about two years ago and since 
then has developed a proposed speci- 
fication in cooperation with the various 
interested groups, including the Radio- 
Electronics-Television Manufacturers’ 
Assn., the Military, and producers 
of this product who were not previously 
represented in Committee B-1. The 
committee, therefore, recommends for 
publication as tentative the proposed 
Tentative Specifications for Soft or An- 
nealed Coated Copper Conductors for 
Use in Hookup Wire for Electronic 
Equipment, as appended hereto.! 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following two specifications be revised 
as indicated and continued as tentative: 


Tentative Specifications for Soft or An- 
nealed Copper Wire (B 3-53 T)2— 
Revise as follows: 

Explanatory Notes.—Delete the pres- 

ent Table IV and Note 9. 


Tentative Specifications for Hard-Drawn 
Aluminum Wire for Electrical Pur- 
poses (B 230 - 53 T).2—Revise as fol- 
lows: 

Section 7.—At the end of the first 
paragraph change the present word 
“values” to read “value.” 

1 The new tentative was accepted by the So- 
ciety and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 2. 


2? 1953 Supplement to Book of ASTM Stand- 
ards, Part 2. 
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Delete Items (J) and (2) in their 
entirety and insert a new paragraph, 
reading “Maximum of All Measure- 
ments Representing Any One Lot— 
17.002 ohms (mil, foot) at 20 C (68 F).” 

Explanatory Note 2.—Delete the sec- 
ond paragraph, starting “The resistivity 
of aluminum conductor has been pre- 
scribed in Section 7...,” and insert a 
new paragraph, reading as follows: 


The resistivity of aluminum conductor has 
been prescribed in Section 7 on the basis of not 
less than 61.0 per cent of that of the International 
Annealed Copper Standard (IACS). The corre- 
sponding maximum resistivity values for alu- 
minum are 0.076397 ohms (meter, gram) and 
436.24 ohms (mile, pound). 


Table II.—Delete the present data 
for aluminum (two lines) and insert new 


data (one line) as follows: 


Volume Conductivity at 20 C 
(68 F), per cent IACS..... 
Resistivity Constants at 20 C 


(68 F): 
Ohms (Mil, Foot)........... 


17.002 
Ohms (Meter, Square Milli- 

0.028264 
Microhms—Inch........... 1.1128 
Microhms—Centimeter.... .. 2.8264 
Ohms (Mile, Pound)........ 436.24 
Ohms (Meter, Gram)....... 0.076397 


REAFFIRMATION OF TENTATIVES 


The Committee recommends that the 
following four specifications be re- 
affirmed and continued as tentative: 


Tentative Specifications for Standard 
Weight Zinc-Coated (Galvanized) Steel 
Core Wire for Aluminum Conductors, 
Steel Reinforced (ACSR)) (B 245 - 
52 T).? 

Tentative Specifications for Tinned Hard- 
Drawn and Medium-Hard- Drawn Cop- 
per Wire for Electrical Purposes 
(B 246-51 


Tentative Specifications for Standard 
Nominal Diameters and Cross-Sec- 
tional Areas of AWG Sizes of Solid 
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Round Wires Used as Elecirical Con- 
ductors (B 258 - 51 T),? and 


Tentative Specifications for Zinc-Coated 
(Galvanized) Steel Core Wire (With 
Coatings Heavier than Standard Weight) 
for Aluminum Conductors, Steel Rein- 
forced (ACSR) (B 261 - 52 T).* é 

REVISIONS OF 
IMMEDIATE ADOPTION 
The committee recommends, for im- 
mediate adoption, revisions in the 
following two standards and accordingly 
asks for a nine-tenths affirmative vote at 
the Annual Meeting in order that these 


recommendations may be referred to 
letter ballot of the Society. 


Standard Specifications for Concentric- 
Lay-Stranded Aluminum Conductors, 
Hard-Drawn (B 231 — 53).2—Revise as 
follows: 

Title—Add at the end of the present 
title the words “and Three-Quarter 
Hard-Drawn.” 

Section I(a).—Revise to read as 
follows: 


(a) These specifications cover concentric- 
lay-stranded conductors made of round alu- 
minum wires, either hard-drawn or three-quarter 
hard-drawn, for general use for electrical pur- 


poses. 

Section 1(b).—Add to the end of the 
present paragraph describing the uses 
of class A conductors, a new sentence 
reading “Conductors intended for further 
fabrication into tree wire or to be in- 
sulated and laid helically with or around 
aluminum or ACSR messengers, shall 
be regarded as class A conductors with 
respect to direction of lay only (See 
Section 5(d)).” 

Section 2.—Renumber Item (4) to be 
Item (5) and renumber all subsequent 
items accordingly. Insert a new Item 
(4) to read “(4) Temper (Sections 
3(a) and 3(c)).” 

Section 3.—Revise to read as follows: 
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3. (a) Aluminum wire employed in classes 
AA and A conductors shall be hard-drawn, un- 
less otherwise specified. The purchaser shall 
_ designate the temper of aluminum wire to be 
used in conductors of classes B, C, and D. 

(6) Before stranding, the aluminum wires 
used shall conform to all the requirements of the 
following standard specifications of the Amer- 
ican Society for Testing Materials that are ap- 
plicable to its type: 

Tentative Specifications for Hard-Drawn 
_ Aluminum Wire for Electrical Purposes (ASTM 
_ Designation: B 230), and 
Tentative Specifications for Three-Quarter 
Hard Aluminum Wire for Electrical Purposes 
(ASTM Designation: B 262). 

(c) In concentric-lay stranded conductors the 
central core shall be made of wire of the same 
temper as the concentric layers, unless other- 
wise specified. 

TABLE I.—CONDUCTOR SIZES AND 


STRANDINGS TO BE ADDED TO TABLE 
II IN SPECIFICATIONS B 231. 


| Class AA | Class A 
| Hard- 

r Size, opper |= = 

| cir mils | $2 

636 000........ 400 000 37/131. 37/131.1 
300 000 19)158 .4) 37)113.5 
336 400........ 0000 12) 167. 4 19) 133.1 
266 800........ 000 12)149.1| 1) 19) 118.5 


Table II.A—Add to the present Table 
II, in proper size sequence, new con- 
ductor sizes and strandings, to read as 
shown in the accompanying Table I. 

Add a new Footnote a referenced in 
column 1 of Table II after sizes 
1,600,000; 1,250,000; 800,000; and 
400,000 cir mils, to read as follows: 


These sizes are sensibly equivalent to sizes 
1,590,000; 1,272,000; 795,000; and 397,500 cir 


* The committee took a vote of preference on 
two alternative proposed actions with regard to 
conductor sizes included in Table II, as follows: 

1. Retain the present 400,000 cir mil size 
listing in all stranding classes. 

2. Delete the present 400,000 cir mil size 
listing and replace with 397,500 cir mil 
size listing in stranding classes AA and 
A. Retain the present 400,000 cir mil 
size listing in classes B, C, and D. 

The resulting vote was in favor of proposal 1. 
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mils respectively within the cross-sectional area 
tolerances stipulated by these specifications and 
associated ASTM Specifications B 230 and B 262. 


Add a new Footnote 6 referenced in 
column 1 of Table II after size 1,000,000 
cir mils, to read as follows: 


This size is sensibly equivalent to size 
1,033,500 cir mils within a difference of 3.24 per 
cent. 


Section 7(b).—Delete the present 
second and third sentences and replace 
with new sentences, reading as follows: 


The minimum breaking strength of hard- 
drawn and three-quarter hard-drawn bare con- 
ductors so tested shall be at least 90 per cent of 
the total of the calculated minimum breaking 
strengths of the component wires. The minimum 
breaking strengths of the component wires shall 
be calculated using specified nominal wire 
diameters and specified minimum average 
tensile strengths in the case of hard-drawn 
aluminum conductors, or specified minimum 
tensile strengths in the case of three-quarter 
hard-drawn conductors. The maximum break- 
ing strength of conductors made from three- 
quarter hard wires shall be not greater than the 
sum of the calculated maximum breaking 
strengths of the component wires. The maxi- 
mum breaking strengths of the component wires 
shall be calculated using specified nominal wire 


diameters and specified maximum tensile 
strengths. 
Section 7(c).—Delete the present 


second sentence and replace with a new 
second sentence, reading as follows: 


When so tested hard-drawn wires shall have 
minimum tensile strengths not less than 95 per 
cent of the tensile strengths prescribed for in- 
dividual tests in Table I of the Tentative Specifi- 
cations for Hard-Drawn Aluminum Wire for 
Electrical Purposes (ASTM Designation: B 
230),? and three-quarter hard-drawn wires shall 
have tensile strengths not less than 95 per cent 
of the minimum tensile strength nor more than 
105 per cent of the maximum tensile strength 
prescribed in Section 5(a) of the Tentative 
Specifications for Three-Quarter Hard Aluminum 
Wire for Electrical Purposes (ASTM Designa- 
tion: B 262).2 


Revise the beginning of the present 
third sentence, to read “For hard- 
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drawn aluminum wires removed from 
completed conductors, the elongation 
in a 10-in. length shall...” 


TABLE II.—RESISTIVITY 


to read as shown in the accompanying 
Table III. 


EpIToRIAL REVISIONS 
The committee took action during the 


REQUIREMENTS. year to make editorial revisions in the 
Resistivity, ohms following eight specifications: 
Type (mile, pound), 

max Tentative Specifications for Hard-Drawn 

= Co Wire (B 1-53 T).2—Revise a 
432.69 Section 7(a) Tensile Strength—Retain 
430.59 the present first paragraph without 

432.69 
change. Delete the present second 
TABLE III.—EQUIVALENT RESISTIVITY VALUES. 
Resistivity Constants at 20 C. (68 F.) 
Volume Weight Volume 
Material Conductivity, 

per cent Ohi Mi- 

ram). foot) square inch centi- 

8 me millimeter) meter 

eS ee ee 875.20 | 0.15328 | 10.371 | 0.017241 | 0.67879 | 1.7241 
ee 434.10 | 0.076025 | 16.919 | 0.028126 | 1.1073 | 2.8126 

aan 433.39 | 0.075901 | 16.891 | 0.028080 | 1.1055 | 2.8080 
aise ean 61.5.......| 432.69 | 0.075778 | 16.864 | 0.028035 | 1.1037 | 2.8035 

i Se 430.59 | 0.075410 | 16.782 | 0.027899 | 1.0983 | 2.7899 
Standard Specifications for Rolled paragraph and insert new second and 


Aluminum Rods (EC Grade) for 

Electrical Purposes (B 233 

Revise as follows: 

Section 5(a).—Revise to 
follows: 


read as 


(a) Resistivity shall be determined on repre- 
sentative samples by resistance measurements 
(Note 3). At a temperature of 20 C (68 F), the 
resistivity of the various types shall not exceed 
the values shown in Table II (Note 3). 


New table-—Add a new Table II to 
read as shown in the accompanying 
Table II, renumbering subsequent tables 
accordingly. 

Explanatory Note 3.—Delete the 
second paragraph in its entirety. 

Table III.—Renumber as Table IV, 
delete the present data for aluminum 
(2 lines), and insert new data (4 lines), 


third paragraphs to read as follows: 


The lot shall be considered to have failed to 
meet the tensile conformance criterion if the 
average of the four specimens is less than the 
tensile strength in Table I minus 400 psi and 
the tensile strength of any of the individual 
specimens is less than the value in Table I 
minus 1700 psi. 

If the average of the four specimens is less 
than the tensile strength in Table I minus 400 
psi and the tensile strength of each of the indi- 
vidual specimens is equal to or more than the 
value in Table I minus 1700 psi, six additional 
specimens from six production units other than 
the four originally sampled, shall be tested. The 
lot shall be considered conforming if the tensile 
strength of each of the ten specimens is not less 
than the appropriate tensile strength value in 
Table I minus 1700 psi and the average of the 
ten specimens is not less than the value in Table 
I minus 400 psi. The lot shall be considered to 
have failed to meet the tensile strength require- 
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ment if the tensile strength of any of the in- 

dividual specimens is less than the value in 

Table I minus 1700 psi or if the average of the 

ten specimens is less than the value in Table I 
minus 400 psi. 


Section 7(b) Elongation —Retain the 
present first paragraph without change. 
Delete the present second paragraph and 
insert new second and third paragraphs 
to read as follows: 


The lot shall be considered to have failed to 
meet the elongation conformance criterion, if the 
average of the four specimens is less than the 
appropriate elongation value in Table I minus 
0.05 per cent and the elongation of any of the 
individual specimens is less than the elongation 
value in Table I minus 0.20 per cent. 

If the average of the four specimens is less 
than the appropriate elongation value in Table 
- I minus 0.05 per cent and the elongation of each 
of the individual specimens is equal to or more 
than the elongation value in Table I minus 0.20 
per cent, six additional specimens from six pro- 
duction units other than the four originally 
sampled, shall be tested. The lot shall be con- 
_ sidered conforming if the elongation of each of 
the ten specimens is not less than the appropriate 
elongation value in Table I minus 0.20 per cent 
and the average of the ten specimens is not less 
than the value in Table I minus 0.05 per cent. 
The lot shall be considered to have failed to meet 
the elongation requirement if any of the ten 
specimens is less than the appropriate elonga- 
tion value in Table I minus 0.20 per cent or if the 
average of the ten specimens is less than the 
elongation value in Table I minus 0.20 per cent. 


Tentative Specifications for Soft or An- 
nealed Copper Wire (B3-53 
Revise as follows: 

Section 7(a) Tensile Strength—In the 
first paragraph, first sentence, third 
line, change the present words “of the 
specimens” to read “of the four speci- 
mens.” Delete the present second 
paragraph and insert new second and 
_ third paragraphs to read as follows: 


The lot shall be considered to have failed to 
meet the tensile conformance criterion if the 
average of the four specimens is more than the 
tensile strength in Table I minus 800 psi and 
the tensile strength of any of the individual 
specimens is more than the value in Table I. 

If the average of the four specimens is more 


ah. 


than the tensile strength in Table I minus 800 
psi and the tensile strength of each of the in- 
dividual specimens is equal to or less than the 
value in Table I, six additional specimens from 
six production units, other than the four orig- 
inally sampled, shall be tested. The lot shall be 
considered conforming if the tensile strength 
of each of the ten specimens is not more than 
the appropriate tensile strength value in Table 
I and the average of the ten specimens is not 
more than that value minus 800 psi. The lot 
shall be considered to have failed to meet the 
tensile strength requirement if any of the ten 
specimens exceeds the appropriate tensile 
strength value in Table I or if the average of the 
ten specimens exceeds that value minus 800 psi. 


Section 7(b) Elongation—Retain the 
present first paragraph without change. 
Delete the present second paragraph 
and insert new second and third para- 
graphs to read as follows: 


The lot shall be considered to have failed to 
meet the elongation conformance criterion if the 
average of the four specimens is less than the 
elongation in Table I plus 2.5 per cent and 
elongation of any of the individual specimens is 
less than the value in Table I. 

If the average of the four specimens is less 
than the elongation in Table I plus 2.5 per cent 
and the elongation of each of the individual 
specimens is equal to or more than the value in 
Table I, six additional specimens from six pro- 
duction units, other than the four originally 
sampled, shall be tested. The lot shall be con- 
sidered conforming if the elongation of each of 
the ten specimens is not less than the appro- 
priate elongation value in Table I, and the aver- 
age of the ten specimens is not less than that 
value plus 2.5 per cent. The lot shall be consid- 
ered to have failed to meet the elongation re- 
quirement if any of the ten specimens is less 
than the appropriate elongation value in Table 
I or if the average of the ten specimens is less 
than that value plus 2.5 per cent. 


Standard Specifications for Concentric- 
Lay-Stranded Copper Conductors, Hard, 
Medium-Hard, or Soft (B8-53)2— 
Revise as follows: 

Section 7(f).—In the third sentence, 
change the present words “using nominal 
specified diameters and maximum speci- 
fied tensile strengths” to read “using 
specified nominal diameters and specified 
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maximum tensile strengths.” In the 
fourth sentence, change the present 
words “shall not be less” to read “shall 
be not less.” 

Section 8(b).—In the fourth sentence, 
change the present words “using nominal 
specified diameters and minimum speci- 


fied tensile strengths” to read “using 


specified nominal diameters and speci- 
fied minimum tensile strengths.” In the 
fifth sentence, change the present words 
“and maximum specified tensile 
strengths,” to read “and specified 
maximum tensile strengths.” 


Standard Specifications for Bronze Trolley 
Wire (B 9 - 53).2—Revise as follows: 
Table I.—In the first and second 

columns, delete the present diameter and 

area figures and replace with new values, 
as follows: 


Diameter, in. Area, cir mils 
0.5477 300 000 
0.4600 211 600 
0.4096 167 800 
0.3648 133 100 
0.3249 105 600 


Table II.—In the first column, make 
the same changes in diameter values as 
indicated above for Table I. 

Fig. 1—In the tabular data below 
the figure, for the nominal sizes, change 
the present “133,200” to read “133,100” 
cir mils and change the present “168,100” 
to read “167,800” cir mils. 


Standard Specifications for Copper Trolley 
Wire (B 47 — 52).’—Revise as follows: 
Table I.—Revise as indicated above 

for Table I in Specifications B 9. 
Table II.—In the first column for 

Nominal Area, change the present 

“168,100” to read 167,800” cir mils 

and change the present “133,200” to 

read “133,100”. 

Figure 1.—Revise as indicated above 

for Fig. 1 in Specifications B 9. 
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Standard Specifications for Soft Rec- 
tangular and Square Bare Copper Wire 
for Electrical Conductors (B 48 52).*— 
Revise as follows: 

Norte 1.—In the first sentence, change 
the present words “Soft or annealed 
copper wire is wire which has been 
drawn to” to read “Soft or annealed 
copper wire is wire which has been 
drawn or rolled to.” 


Standard Specifications for Figure-9 
Deep-Section Grooved and Figure-8 
Copper Trolley Wire for Industrial 
Haulage (B116-52).*—Revise as 
follows: 

Table I.—Revise as indicated above 

for Table II in Specifications B 47. 
Figure 1.—Revise as indicated above 

for Fig. 1 in Specifications B 9. 


Tentative Specifications for Siandard 
Nominal Diameters and Cross-Sec- 
tional Areas of AWG Sizes of Solid 
Round Wires Used as Electrical Con- 
ductors (B258-51T).*—Revise as 
follows: 

Section 3.—Delete the present Section 
3 and replace with a new Section 3 
reading as follows: 

3. All calculations for the standard nominal 
dimensions and properties of solid round wires 
shall be rounded off in the final value only, in 
accordance with rounding-off method of the 
Recommended Practices for Designating Sig- 
nificant Places in Specified Limiting Values 
(ASTM Designation: E 29).3 


Section 5.—In the first paragraph, in 
the formula for Area, sq. in., delete the 
symbol ‘‘<” between d? and 0.7854 and 
replace with the symbol “X”. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


* The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Editorial and 
Records (A. A. Jones, chairman) con- 
tinued its editorial review of specifica- 
tions and coordinated the various sub- 
committee recommendations regarding 
revisions of the various specifications. 

Subcommitiee II on Methods of Test 
and Sampling Procedures (J. B. Dixon, 
chairman) completed editorial revision 
of Specifications B 1 and B 3 to clarify 
conformance criteria, is developing statis- 
tical sampling procedures for tinned- 
and alloy-coated copper, and is contin- 
uing its assignments to formulate a 
_ standard method of calculating lay 
factor (weight increment) for inclusion 
in the Tentative Method for Determina- 
tion of Cross-Sectional Area of Stranded 
Conductors (ASTM Designation: B 263)? 
and to develop an alternate method (to 
the bell method) of measuring elonga- 
tion in 60-in. gage length (for HD and 
MHD wire). 

Subcommitiee IV on Conductors of 


Copper and Copper Alloys (B. J. Sirois, 


chairman) completed preparation of the 
proposed Tentative Specifications for 
Soft or Annealed Coated Copper Con- 
ductors for Use in Hookup Wire for 
Electronic Equipment, and revision of 
Specifications B 3 deleting outmoded 
package sizes. 

Task groups are working on the 
preparation of proposed Tentative Speci- 
fications for Silver-Coated Copper Wire; 
collecting test data on commercial pro- 
duction of soft, square and rectangular 
copper wire, to be used as a basis for 
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establishing acceptance limits when 
tested in accordance with the Tentative 
Method of Test for Stiffness of Bare 
Soft Square and Rectangular Copper 
Wire for Magnet Wire Fabrication 
(ASTM Designation: B 279);? con- 
sidering the advisability of incorporating 
in Specifications B 105 an additional 
alloy 30 consisting of 89 per cent copper, 
0.5 per cent tin, balance zinc; and de- 
veloping rules and formulas for comput- 
ing derived data for shaped wire for 
inclusion in Specifications B 48. 

Subcommittee VII on Conductors of 
Light Metals (P. V. Faragher, chairman) 
has completed revisions of Specifications 
B 230, B 231, and B 233, is working on 
the standardization of additional con- 
structions of ACSR conductors, and is 
considering preparation of a proposed 
specification for annealed or one-quarter 
hard aluminum wire for telephone cable 
applications, and development of speci- 
fications for aluminum wire to be used in 
magnet wire. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 75 members; 60 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
D. HALLORAN, 
Chairman. 
A. A. JONES, 
Secrelary. 
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Committee B-2 on Non-Ferrous Met- 
als and Alloys has not held a meeting 
since its meeting in Atlantic City, N. J., 
on July 1, 1953. During the past year the 
work of the committee has been handled 
by correspondence. A meeting of the Ad- 
visory Committee was held on Novem- 
ber 23, 1953, in New York City. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, Bruce W. Gonser. 

Secretary, G. Howard LeFevre. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee B-2 presented to the 
Society through the Administrative 
Committee on Standards a Tentative 
Specification for Rosin Flux Cored 
Solder (B 284 - 53 T). 

The specification was accepted by the 
Standards Committee on November 9, 
1953, and it appears in the 1953 Supple- 
ment to Book of ASTM Standards, 
Part 2. 

At this time the committee has no 
recommendations to present to the So- 
ciety in connection with standards or 
tentatives under its jurisdiction. 


ACTIVITIES OF SUBCOMMITTEES 
Subcommittee I on Refined Copper (Wil- 
liam E. Milligan, chairman) has organ- 
ized a task group to consider proposed 


* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 
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revisions of the Tentative Specification 
B72-47T for Fire-Refined Casting 
Copper. The proposed revision of Speci- 
fication B 4-42 for Lake Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and 
Ingot Bars, as submitted by the task 
group, failed acceptance in letter ballot 
of the subcommittee. The task group, at 
a subsequent meeting, recommended to 
the subcommittee that there be no re- 
vision of Specification B 4-42 all the 
time. 

Subcommittee II on Refined Lead, Tin, 
Antimony and Bismuth (Sidney Rosti, 
chairman) has work under way in a task 
group on the preparation of a Classifica- 
tion of Tin. 


Subcommittee III on White Metals and - 


Alloys (G. H. Clamer, chairman) com- 
pleted work on the proposed Specifica- 
tion for Rosin Flux Cored Solder, which, 
as stated previously in the report, has 
been accepted by the Administrative 
Committee on Standards. 


Subcommittee VI on Coated Metals (F. 


L. Scovill, Jr., chairman) through a task 
group continues the study of methods of 


test for continuity of coating of lead- 


coated copper sheets under Specification 
B 101 - 40. 


Subcommittee VII on Refined Nickel 
and Cobalt, High-Nickel Alloys and High- 
Cobalt Alloys, Cast and Wrought (O. B. J. 
Fraser, chairman) has under review the 
specifications under its jurisdiction, and 
the subcommittee expects to submit rec- — 


ommendations shortly with respect to a 


number of specifications. 
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Subcommitiee VIII on Miscellaneous 
Refined Metals and Alloys (E. E. Schu- 
macher, chairman) deferred action on 
recommending the adoption as standard 
of the Tentative Specifications for Iodide 
Titanium (B266-52T); Titanium 
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Strip, Sheet, Plate, Bar, Tube, Rod and 
Wire (B 265 - 52 T); and Titanium In- 
got (B 264 - 52 T). The information now 
in hand for any required revision of these 
specifications is not as yet complete. The 
task group is considering a proposed ten- 
tative specification for sponge titanium. 


REPORT OF COMMITTEE B-2 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 134 members; 112 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
Bruce W. GonseER, 
Chairman. 
G. Howarp LEFEvRreE, 
Secretary. 
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Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held two 
meetings during the past year: one in 
Atlantic City, N. J., on June 2, 1953, 
and the other in Washington, D. C., 
on February 4, 1954. 

The committee consists of 102 mem- 
bers, of whom 84 are voting members; 
36 are classified as producers, 30 as 
consumers, and 18 as general interest 
members. 

The following officers were elected 
for the ensuing term of two years: 

Chairman, K. G. Compton. 

‘Vice-Chairman, E. K. Camp. 7-4 

Secretary, A. W. Tracy. _ 


New TENTATIVE 


The committee recommends for publi- 
cation as tentative the Method of 


Acetic Acid-Salt Spray (Fog) Testing 


as appended thereto.! 


REVISIONS OF TENTATIVE 


The committee recommends that the 
Tentative Method for Salt Spray (Fog) 
Testing (B 117-49T)* be revised as 
follows and continued as tentative: 

Section 4(a).—In the first sentence, 
change “freed from water break by 
suitable cleaning” to “suitably cleaned.” 

Section 5(a).—In line 3, change “ap- 
proximately 15 deg” to “between 15 
and 30 deg.” 

Section 6.—In line 2, change “20 + 
2” to “5 + 1.” In line 3, following 

* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1The new tentative was accepted by the 
Society and appears in the 1954 Supplement to 


Book of ASTM Standards, Part 2. 
21952 Book of ASTM Standards, Part 2. 
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“distilled water,” add the words “or 
water.” In line 9, change “0.2” to 

In Note 1, change “1.126 to 1.157” 
to “1.0268 to 1.0413.” 

Section 8(b).—In line 16, change “20 + 
2 per cent” to “S + 1 per cent.” 

In Note 2, line 2, change “1.126 to 
1.157” to “1.0268 to 1.0413.” In lines 
3 and 4, delete the words “or from 1.130 
to 1.162 at 75 F.” In line 14, change 
“17.7 and 22.1” to “4.4 and 5.5.” 

Section 13.—In Paragraph (c)(2), 
delete the words “(or 75 F).” 

Appendix I, Types of Apparatus.—In 
the first paragraph, second sentence, 
delete the word “aluminum” and after 
‘‘monel”’ delete the word “metal.” In the 
last sentence, delete “suitable” at the 
beginning of the sentence and insert the 
word “suitable” before “rubber.” 

In the sixth and seventh paragraphs, 
change “84 to 90 per cent” to “95 to 98 
per cent.” 

Appendix I, Temperature Conirol.— 
In Paragraph (4), change “84 to 90 per 
cent” to “95 to 98 per cent.” Change 
the table to read as follows: 


Air Pressure, psi 


12 


114 


14 


117 


16 


119 


18 


121 


Temperature, deg., F. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that 
the following two test methods be 
continued as tentative without change: 
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Tentative Method of: 


Total Immersion Corrosion Test of Non-Ferrous 
Metals (B 185 - 43 T), and 
_ Alternate Immersion Corrosion Test of Non- 
Ferrous Metals (B 192 - 44 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Spray Test 
(C. O. Durbin, chairman) has prepared 
the revision of the Tentative Method of 
Salt Spray (Fog) Testing (B 117 - 49 T) 
which consists essentially in reducing 
the salt concentration from 20 per cent 
to 5 per cent. This change was proposed 
because more reproducible results were 
obtained with the 5 per cent solution due 
7 to the higher relative humidity and 
freedom from nozzle clogging by salt 
crystals in the spray frequently en- 
countered with the 20 per cent solution. 
A survey of the literature indicated that 
the 20 per cent solution was less sensi- 
tive to temperature variations than the 
5 per cent solution. However, it was felt 
that this was less important than the 
effect of the salt crystals in the spray 
and nozzle clogging. 

A task group headed by W. B. Mc- 
Master has been conducting tests on 
the acetic acid modification of the salt 
spray (fog) test.‘ These tests show that 
- materials normally tested by the salt 
spray (fog) test may also be tested by 
the acetic acid modification. The time 
required for failure will usually be shorter 
in the acetic acid modification of the 
salt spray (fog) test. The subcommittee 
decided that this test had sufficient merit 

3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 

W. D. McMaster, “The Five Per Cent Salt 


Spray and Its Acetic Acid Modification,” ASTM 
Butietin, No. 203, January, 11955, p. 62 (TP 
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to recommend its publication as tenta- ti 
tive. tl 

Subcommittee VI on Atmospheric Cor- fr 
rosion (W. H. Finkeldey, chairman), b 


through a task group, is working on the 
weighing and tension testing of speci- 
mens exposed for 20 years to the atmos- 
phere at several ASTM test sites. The 
program includes tension tests on speci- 
mens machined before exposure and 
specimens cut from cleaned 9 by 12-in. 
plates after removal from exposure. 
The subcommittee expects to have a 
final report prepared for use in working 
up a symposium on atmospheric cor- 
rosion for the 1955 Annual Meeting. 

Subcommittee VII on Weather (F. L. 
LaQue, chairman).—A task group has 
continued its program of calibrating the 
corrosivity of various atmospheric test 
sites. The program will terminate in 
1956. 

In 1954 and 1955 specimens will be 
exposed at seven test sites being used for 
atmospheric corrosion tests by the 
National Research Council of Canada. 

L. G. von Lossberg has been ap- 
pointed to represent Subcommittee 
VII on Committee D-22, which is con- 
cerned with methods of atmospheric 
sampling and analysis. 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (Gerald Kingsley, 
chairman) has continued its program of 
tests on magnesium coupled to other 
metals and exposed at several ASTM 
test sites. The couples made by winding 
wires of one metal in the grooves of 
threaded spools of the other metal have 
been exposed and brought in for ex- 
amination. The test results have been 
evaluated’ by A. Mendizza of the Bell 
Telephone Laboratories, Inc., as a report 
of the subcommittee. 

A working group under the chair- 
manship of H. O. Teeple, The Interna- 


5 See p. 150. > 


| a0 
a 
eg 
7 
3 
A 
a 
— 
i, 
| 
} 


d On CorRosION OF NoON-FERROUS METALS AND aa 149 


tional Nickel Co., Inc., has examined This report has been submitted to 

the first set of disk couples removed letter ballot of the committee, which 

from exposure, and weight loss data are consists of 84 voting members; 62 mem- 

being evaluated. bers returned their ballots, all of whom 
Another task group is working on the have voted affirmatively. : 

third part of the program for which 

galvanic couples will be made by fast- . 

ening bars of other metals to magnesium Respectfully submitted on behalf of 

plates and the extent of galvanic cor- the committee, 

rosion in the atmosphere determined 

by tension tests on specimens machined r K. G. Compton, 

from the exposed panels. C. Walton of __ i 

the Aluminum Company of America is 

making preliminary tests to determine A. W. Tracy, 

the form of couple to give best results. Secretary. 
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a REPORT OF SUBCOMMITTEE VIII ON GALVANIC AND 


An investigation of the galvanic 
corrosion of dissimilar metal couples 
_ exposed to various atmospheric condi- 
= is being conducted by Subcom- 
- mittee VIII on Galvanic and Electro- 
lytic Corrosion of ASTM Committee 
«B.S. The following report is part of a 
= program directed by the com- 
mittee and involves the investigation 
A of bimetallic couples consisting of a 
_ wire (usually the anode) wound around 
: a threaded spool (the cathode). 
These tests were set up to evaluate in 
a preliminary fashion the effectiveness 
of this type of couple arrangement. A 
brief description of the couple make-up 
follows. 
The couple is formed by a 3-in. diam- 
eter threaded spool around which the 
other metal, as wire, is tightly wound. 
The wire ends are held by brass screws 
_ in lugs on the spool; this insures contin- 
uous electrical contact between wire and 
spool even if corrosion products are 
formed along the wound length of wire. 
The end sections of wire not in contact 
with the spool, the lugs, and the screws 
are painted with an acid-resisting black 


1 This report summarizes a part of the work 
in the corrosion field sponsored by ASTM Com- 
mittee B-3 on Corrosion of Non-Ferrous Metals 
and Alloys. Data from Parts I and III not yet 
available. 


§POOL-AND-WIRE COUPLE TESTS—PART II OF 
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varnish to protect them from atmos- 
pheric corrosion and to insulate the main 
part of the wire from any galvanic action 
at the fastenings. Approximately 30 in. 
of wire is in intimate contact with the 
spool, in a span of 2 in. The total length 
of the spool is 4 in. A couple being as- 
sembled is shown in Fig. 1. A detailed 


Fic. 1.—Winding Wire onto Spool. 


description of the method of assembly 
is found in Appendix I. 

Magnesium was tested in contact 
with magnesium, aluminum, brass, and 
zinc. Couples were exposed with mag- 
nesium as both spool and wire. In 
addition, each metal was also exposed 
in contact with itself as a control couple. 
All couples were exposed in triplicate. 
The following couples were studied: 


> 
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Couple Wire Alloy Spool Alloy 
Magnesium AZ31X Magnesium AZ31X 
Magnesium AZ31X Magnesium M1 
Magnesium AZ31X Aluminum 2S 
85-15 Brass Magnesium AZ31X 
85-15 Brass 85-15 Brass 
Nos. 37, 38, 39......: Zine": Zinc 
Aluminum 2S 5 Aluminum 2S 


An analysis of the various metals ap- 
pears in Appendix II. 


of initial exposure on eventual corrosion. 
The actual exposure dates for each site 


Three exposure sites were employed were: 
Site First Period Secoad Period Third Period Fourth Period 
. 12/6/51 to 12/6/51 to 4/4/52 to 8/14/52 to 
1/14/52 4/4/52 8/14/52 1/14/52 
Kure Beach............... 12/22/51 to 12/22/51 to 5/27/52 to 8/12/52 to 
12/22/52 5/27/52 8/12/52 12/22/52 
12/18/51 to 12/18/51 to 5/6/52 to 8/11/52 to 
12/-/52 5/6/52 8/11/52 12/-/52 


in order to investigate the effects of 
differing atmospheres on galvanic cor- 
rosion. 

1. New York, N. Y., representative 
of a large city, with industrial fumes and 
smoke, and some salt fog. 

2. Kure Beach, N. C., representative 
of clean sea air. 

3. State College, Pa., representative 
of clean inland air, free of industrial 
fumes and salt spray. 

The couples were mounted on racks 
exposed in a horizontal position, each 
holding one complete set. There were 
four exposure periods at each site: 
the first, a full year; and the second, 
third, and fourth, consecutive four- 
month portions of the same year. This 
plan was expected to indicate the effects 


i} 


It will be noted that the actual periods ~ 
varied from the nominal in some cases; 
this was due to unavoidable delays in 
shipping. No correction for these varia- 
tions has been attempted in plotting 
the data. 

The total number of couples in this 
study was 576. 

After exposure, the wires were ex- 
amined for breaks, and_ resistance 
measurements were made to determine 
electrical continuity. The AZ31X mag- 
nesium wire was found broken, appar- 
ently because of stress corrosion in 
almost every case. These breaks occurred 
on some couples within a month of 
their exposure. The notable exceptions 
to this occurred in most cases where 
AZ31X magnesium wire was exposed 
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_ in contact with M1 magnesium spools 
and for the third exposure period at 
Kure Beach. However, good electrical 
- contact between the wire sections and 
the spools was maintained in most 
i instances, excepting for the 1-yr speci- 
‘mens. It was also noted that the varnish 


used provides inadequate protection for 


Encountered. 


some of the exposure conditions. In 
= of these cases the end pieces, par- 
ticularly of the magnesium wire, had 
been seriously attacked, or even com- 
pletely lost. Electrical contact for the 
remainder of the wire frequently was 

_ maintained, however, permitting ob- 
tainment of weight loss data. Figure 2, 

_ a view of some of the couples exposed at 
State College for 1 yr, shows the types 
of wire breaks encountered (couples 1 
to 7). Good electrical contact still 
existed in all but couples 1 and 7. In 
these two cases about a fourth of the 
wire was not in contact. However, 
a weight loss measurements in both cases 
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were comparable with those obtained 
for the duplicates of these couples. 
After examination the couples were 
carefully disassembled and the wires 
cleaned and weighed. The cleaning 
procedures employed are described in 
Appendix II. Losses due to cleaning 
were found to be negligible and have not 


__ Fic. 2.—Some Couples Exposed at State College for One Year, Showing Types of Wire Breaks 


been incorporated in the weight loss 
calculations. A sample data sheet is 


included in Appendix IV. 
Results: 
The results of this study are presented 
in Table I as total average per cent 
weight loss for each couple combination, 
for four exposure periods, at three sites. 
Weight losses for brass, zinc, and alu- 
minum wires exposed on AZ31X mag- 
nesium spools were very small, and, 
except for slight deviations for some 
aluminum wires, the losses were smaller 
than for the control couples. In general, 
therefore, brass, zinc, and aluminum 


TABLE I.—TOTAL PER CENT WEIGHT LOSS. 


| 
A 3 
a 
& 
P| 
| | 
| 
ual 
: 


| 


3 


Sane 


0 

20°E— 
v's 

0 


dH 


= 


0 
9°L 


TIN 
XIEZV 


IV SZ 
Tv s9¢ 


IW 


L°8% | Ss¥ig 


3W XI&ZV 


IN 

IN 
XI&ZV 
X1&ZV 
X1&ZV 
X1&ZV 
XI&ZV 
XT&ZV 


SP 9} OF “SON 
‘SON 
"SON 
"SON 
*SON 
"SON 


i 


8 


amy 


2 
a 


| 


Zz 


any 


any 


joods 


poued 


puoses 


ajdnop 


‘SHUIM WAISHUNOVW SSOT LHDITM AOVUAAV LAN—'II ATAVL 


*4}0q JO 48 IO [OOdS UO ITM ¢ 
*q}0q JO 4B IO JOOdS UO OITA *[OOdS 0} OITA UIOIJ 49BZU0D ON » 


2 


CONAN 


“2 


= 
= 


= 


Z 
n 

> 
= 


oo 


se 


AAMOMMOMAAN 


SacBonnase 


co 


Vv 


NAOH 


N 


ssesos 
Om 

Nw 


oF ZI 


IV Sz 

Tv s9¢ 

IW 

XI&ZV 
3W XIEZV 
3W XI&ZV 
3W XIEZV 
3WW XIEZV 


3WW XIEZV 


IV 
Iv s9¢ 
IW 


ssvlg 
XIEZV 
XIEZV 
XI&ZV 
XI&ZV 
XIEZV 


SP 93 OF “SON 
SP 93 EF “SON 
9} OF “SON 
6€ 93 LE “SON 
9€ 9} HE “SON 
07 TE “SON 
9} 83 “SON 
LZ GZ “SON 
ZS “SON 
TZ 93 6T “SON 
8T 9} OT “SON 
ST 9} €T “SON 
94 OL 

692 

£04 T 


8 


3 
a 


any 


MIN 


Joods 


jo 


‘SSOT LHDIAM LNAO TVLOL— I 


d 
onnoan 
re ag | on 
2S a | 29 3 
3 |— 
| 
rt 
| 
ag 
ie 
Mola | 
| 
Malwos s= ‘ 
' or | 
| 4 
— 
| 
3 
. 
S243 | 
q 


E 154 REPORT OF SUBCOMMITTEE VIII or CommitTEE B-3 


nesium. The results of most interest are due to galvanic action. These values are 
those for AZ3iX magnesium wire on shown in Table II and are presented 


at 


a i galvanically protected by mag- losses are obtained, that is, the net losses 


45 


Exposure Period 
| Yeor - Dec.'5! to Dec.'52 4 Months- Apr. ‘52 to Aug.'52 
4 Months-Dec. ‘5! to Apr. ‘52 4 Months-Aug.'52 to Dec.'52 

Exposure Site 
NY New York, N.Y. 


KB Kure Beoch, N.C. 
SC Stote College, Po. 


& 8 


8 


Nn 


“Average Weight Loss, percent 


4 

Site NY KB SC NY KB SC NY KB SC NY KB SC NY KB SC NY KB SC 

Spool “—Brass—“ “—Zinc-—“ \—2SAI— “—MIMg—~ 

Blank 

Fic. 3.—Average per cent Weight Loss of AZ31X Magnesium Wire Galvanically Coupled with 

Various Metal Spools. 
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SS 5555555. 


oss. 


Exposure Period 
| Year-Dec.'5! to Dec.'52 4 Months - Apr.'52 to Aug.'52 
4 Months-Dec.'5! to Apr.'52 4 Months - Aug.'52 to Dec. ‘52 
Exposure Site 
NY New York, N.Y. 


KB Kure Beach, N.C. 
SC State College, Pa. 


5) 
555) 


Net * Average Weight Loss, per 


555) 


Site NY KB SC NY KB SG NY KB SC NY KB SC NY KB SC NY KB SC 
Spool “—Brass—~“ “—Zinc—~ “—2S —56S AI—/ “—AZ31Mg— —MI Mg**~ 
Blank 

* Total Loss Minus Loss for Blank (AZ3IX Wire on AZ3IX Spool). 
** 4731X Mg Wire on MI Mg Spool is Galvanically Protected. 


Fic. 4.—Net Average per cent Weight Loss of AZ31X Magnesium Wire due to Galvanic Coupling 
with Various Metal Spools. ; 


_ the various spools. These are presented graphically in Fig. 4. Since M1 mag- 
in bar graph form in Fig. 3. nesium galvanically protects AZ31X 
Couples 1 to 3, AZ31X magnesium magnesium, a “negative loss” is ob- 
wire on AZ31X magnesium spool, tained. For clarity, this is shown as 
constitute “blanks” for the data pre- zero loss in Fig. 4. 
sented in Fig. 3. By subtracting these Although fewer data for M1 mag- 
values from the corresponding total nesium wire were obtained, they have 
average weight losses, the net average been included in Tables I and II. Both 


= or 
w 
Wi 
4 
io 
4 
25 
4 
| 
444 
| 


the total and net average losses are 
presented in Fig. 5. 

It will be noted that no electrical 
contact existed between wire and spool 
on most of the couples with magnesium 
wire after exposure at New York and 
Kure Beach for 1 yr. Therefore, the 
weight loss figures may be assumed to 
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from a 1-yr continuous exposure. This 
may be due to an increase in the pro- 
tective nature of the corrosion products — 
with an increase in thickness of deposit. 
Samples exposed during the last third 
of the calendar year appear to be more 
affected than the sets exposed during 


the first and second 4-month periods. — 


30 
Exposure Period 
| Yeor - Dec.'51 to Dec. '52 
25 4 Months - Dec.'5! to Apr. ‘52 
4 Months- Apr. '52 to Aug. ‘52 
S 20 4 4 Months- Aug. '52 to Dec.'52 
& 
1s Exposure Site 
NY New York, N.Y. 
4 y y KB Kure Beach, N.C. 
SC State College, Po. 
A 
5 
44% 
444 


0 
Site NY KB sc NY 


Spool \ 
Total Loss 


Coupled with Magnesium Spools. 


be somewhat low for these couples. 


However, the relative corrosivity of the 
three sites, as indicated by the results 
for the shorter exposure periods, is 
reflected by the 1-yr exposure losses as 
well. Contact was maintained for all 
the 1-yr exposures for AZ31X mag- 
nesium wire on brass, and on all the 
1-yr exposures at State College. Com- 
parison of the “no contact” data with 
these points of reference suggests that 
the weight loss figures are of the correct 
order of magnitude. 

An inspection of Figs. 3 to 5 indicates 
that in general the cumulative corrosive 
effect of the three consecutive 4-month 
periods is greater than that obtained 


* Total Loss Minus Loss for Blank (MI Wire on MI Spool). 
Fie. 5.—Total and Net Average per cent Weight Loss of Mi Magnesium Wire Galvanically . 


KB SC NY KB SC _ 
Mi Mg JS 
Blank Net *Loss 


This is particularly noticeable at Kure 
Beach and at State College. 


with brass. Contact with zinc produced 
somewhat less corrosion, while contact 
with 2S and 56S was about equal and 
had the least effect. Industrial New York 
City atmosphere has a greater corrosive 
effect than either the marine atmosphere 
at Kure Beach (800-ft location) or the 
rural environment at State College. 


The AZ31X magnesium suffered the 
severest galvanic corrosion in contact 


AZ31X magnesium with more noble 
metal wires (couples included in this 
examination for completeness) were 


Weight losses resulting from = 


quite small. Except in cases where it is 


e 
d 
/ 
16% 


uncertain which metal of a couple will 
be anodic with respect to the other, it 
would be unnecessary to include the 
couple as anodic spool and cathodic 
wire. 

The preliminary tests have shown 
the value of the new spool-wire couple 
in obtaining noticeable galvanic cor- 
rosion effects in relatively short exposure 


Preparation of Spools: 


1. Threaded lugs are inserted in the 
spools. 
2. Brass machine screws are inserted in 
the lugs. 
. _ 3. Spools are cleaned in 2 baths of pe- 
troleum ether. 


Nore.—Care must be taken at all times to 
retain knowledge of the identity of the spools 
and wires since it is impracticable to mark 
them in any permanent manner. 


Preparation of Wires: 


1. The required number of lengths of 

wire are cut to 38 in. 

2. The wire is cleaned with a fine abra- 

sive, such as Aloxite paper, and then 

swabbed with petroleum ether and cotton. 
3. The wire is weighed to the nearest 

tenth of a milligram (line (a), Appendix IV). 
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APPENDIX I 


METHOD OF ASSEMBLY OF SPOOL-AND-WIRE TYPE GALVANIC COUPLE 


times. Additional work is indicated, 
however, in order better to establish 
the usefulness of this arrangement. 


Respectfully submitted on behalf of 
the subcommittee, 
GERALD KINGSLEY, 


Chairman. 


Norte.—Care must be taken in handling the 
wires to use cotton and wear clean gloves, in 


order to avoid getting perspiration and oil from 
the hands on the wire. 


Assembly of Spool and Wire: 


1. The spool is threaded into the winding 
machine, Fig. 1. 

2. The wire is attached to one of the lugs 
by means of the screw. 

3. The wire is wound by the machine, 
care being taken by the operator to main- 
tain a slight tension on the wire as it is fed 
onto the spool. 

4. The wire is fastened to the other lug 
and the excess cut off and weighed (line 
(b), Appendix IV). 

5. The spool is inserted in its proper place 
on the rack. 

6. The wire not in contact with the spool, 
the lugs, and the screws are painted with 


the varnish. 
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APPENDIX II 


METHOD OF CLEANING SPOOL-AND-WIRE TYPE GALVANIC COUPLE 


Determination of Cleaned End Weights: 


1. The wires are unfastened at the lugs 
and the ends, the sections not in contact 
with the spool, are cut off. 

2. Varnish is removed from the ends by 
soaking in hot toluene. 

3. Ends are weighed (line (d), Appendix 
IV). 


Nore.—An average end weight, derived 
from end weights for the particular alloy where 
wire end corrosion did not occur, was used 
when wire ends were corroded or lost. 


Determination of Exposed and Cleaned Wire 

Weights: 

1. Wire is carefully removed from spool 
and cleaned by the appropriate method as 
listed below. 

2. Cleaned wire.is weighed (line (/), Ap- 
pendix IV). 

Nore.—Care must be taken in removing 


magnesium wires so that pieces which tend to 
break off are not lost. 


Cleaning Methods:* 


Aluminum Alloys.—2 to 3 min in HNO; 
(sp gr 1.42) at room temperature. Loss 
due to cleaning: 2S Al, 0.03 per cent; 56S 
Al, 0.06 per cent. 

Brass—2 to 3 min in 1:1 HCl at 
room temperature. Loss due to cleaning: 
0.03 per cent. 

Magnesium Alloys.—20 per cent CrO; 
plus 1 per cent AgNQO;. 30 sec at 90 to 
100 C. Losses due to cleaning: AZ31X Mg, 
0.05 per cent; M1 Mg, 0.27 per cent. 

Zinc. —(a@) 5 min in 10 per cent NH,Cl 
solution at 60 to 80 C. (b) 15 sec in 5 
per cent CrO; plus 1 per cent AgNO, at 
boiling point. Loss due to cleaning: 0.11 
per cent. 


2For reference purposes, see Tentative 
Method of Total Immersion Corrosion Test 
of Non-Ferrous Metals (B185-43T), 1952 
Book of ASTM Standards, Part 2, p. 1045. 
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+. CHECK ANALYSES OF SPOOL AND WIRE MATERIALS 


Chemical Composition, per cent he 
Aluminum |Chromium} Copper | Magnesium /Manganese Zinc Lo 
2S Aluminum: Ra 
56S Aluminum: 
Nominal Composition........ Balance 0.25 5.2 0.1 
0.10 5.13 | 0.12 (a) 
0.07 7.5 None | <0.3 
+ 
85-16 Brass: (c) 
Nominal Composition........ 15 d) 
(f) 
M1 Magnesium: = 
Nominal Composition. ....... Balance 1.5 (9) 
AZ31X Magnesium: 
Nominal Composition........ 3.0 ies Balance 0.3 1.0 all 
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APPENDIX IV 


GALVANIC COUPLE TEST 


Wire—AZ31X Mg _ Exposed—December 18, 1951 
Spool—Brass fi Removed——December, 1952 
Location—State College Period—First 


Rack—1 


WEIGHT, IN GRAMS, OF W1RE aT Various Staces Durnine AssEMBLY AND DISASSEMBLY 


Couple 4 Couple 5 Couple 6 
(c) Weight of wire on spool (a — b)................ 0.9381 0.9658 0.9627 
(d) Weight of protected ends......................-- 0.0534 0.0549 0.0525 
(e) Weight of wire under test (ec — d)................ 0.8847 0.9109 0.9102 
(f) Weight of cleaned wire after exposure....’......... 0.6646 0.6881 0.6927 
(h) Loss, per cent x 24.9 24.5 24.0 


all wires. 


Average loss, 24.5 per cent. 
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REPORT OF COMMITTEE B-4 


on 
METALS FOR ELECTRICAL HEATING, ELECTRICAL RESISTANCE, 


AND ELECTRONIC APPLICATIONS* 


Committee B-4 on Electrical Heating, 
Resistance, and Related Alloys held 
three meetings during the past year as 
follows: in Atlantic City, N. J., on 
June 24 and 25, 1953; in Washington, 
D. C., on October 8 and 9, 1953; and in 
New York City. on January 28 and 29, 
1954. 

The present membership of Commit- 


tee B-4 totals 66 members, of whom 20 
are classified as producers, 37 as con- 


sumers, and 9 as general interest mem- 


bers. 


At the Washington meeting and 
through the cooperation of the National 
Bureau of Standards, Messrs. J. G. 
Reid and R. L. Henry gave a fine illus- 
trated talk on “New Production Methods 
for Electronics.” 

Also during the Washington meeting 
a very interesting talk was given by 
Mr. E. S. Gulbransen of the Westing- 
house Research Laboratories, on ‘Oxide 
Film on Nickel-Chromium Alloys.” 

Some consideration has been given to 
a two-meeting-a-year schedule instead of 
the three-meeting schedule now in effect, 
in the hope of encouraging interim meet- 
ings of the section groups and task 
forces whose meetings would augment 
the two meetings. 


New TITLE AND SCOPE 


The Board of Directors at its meeting 
on May 11 approved changes in title 
and scope of Committee B-4 as follows: 


* Presented at the Fifty-seventh Annual Meet- 


ing of the Society, June 13-18, 1954. 


New Title—Committee B-4 on Metallic 
Materials for Electrical Heating, Electrical 
Resistance, and Electronic Applications. 

New Scope.—In general, Committee B-4 
has jurisdiction over the classification, 
specification requirements, methods of test, 
questions of utility, and related subjects 
pertaining to wrought and cast metallic ma- 
terials and parts for electronic and electrical 
resistance applications, for the structure and 
containers of electric furnaces, thermostatic 
metals and alloys, metallic materials for 
electronic devices and incandescent lamps, 
and materials for electrical contacts. 


NEw TENTATIVES 


The committee recommends that the 
following be accepted for publication as 
tentative as appended hereto:! 


Tentative Specifications for: 


Tungsten Wire Less Than 20 mils in Diameter, 

Molybdenum Wire Less Than 20 mils in Diam- 
eter, and 

Round Wire for Use as Electron Tube Grid 
Laterals and Verticles. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Electrical Heating 
Materials (C. L. Raynor, chairman) 
is working on a revision of the Method 


1The new tentatives were accepted by the 
Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 2. 

2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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of Test for Change of Resistance with 
Temperature of Metallic Materials for 
Electrical Heating (B 70 - 39). Work has 
progressed to a point where five field 
laboratories are close to checking their 
results. 

Revisions are also in progress on the 
Standard Specifications for Drawn or 
Rolled Alloy, 80 per cent Nickel, 20 
per cent Chromium, for Electrical- 
Heating Elements (B 82 - 52), and 
the Standard Specifications for Drawn 
or Rolled Alloy, 60 per cent Nickel, 
16 per cent Chromium, and Balance 
Iron, for Electrical-Heating Elements 
(B 83 — 52). These revisions have to do 
with resistance changes with respect 
to temperatures. 

It has also proposed to include in the 
Standard Method of Accelerated Life 
Test for Metallic Materials for Electrical 
Heating (B 76 — 39) a method of test 
for iron, chromium, and aluminum type 
alloys. 

Subcommittee V on Wrought and Cast 
Alloys for High Temperature Use (E. 
Edmunds, chairman). — Consideration 
has been given to including nonmetallic 
resistors within the scope of this sub- 
committee. 

High-temperature tests are in progress 
with the intent to include silicon car- 
bide elements. 

Tests are in progress on small heating 
elements having a base composition of 
80 per cent nickel-20 per cent chromium 
with respect to variants of carbon, 
manganese, and silicon. These tests are 
being conducted in neutralene produced 
gas at 2050 F. Initial results are promis- 
ing. 

This subcommittee continues work on 
creep tests. 

Subcommittee VII on Thermostat Metals 
(P. H. Brace, chairman) is working on a 
revision of the Tentative Methods of 
Testing Thermostat Metals (B 106 - 
51 T) and the Tentative Method of Test 
for Modulus of Elasticity of Thermo- 
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stat Metals (Cantilever Beam Method) 
(B 223 - 51 T). There is continued work 
on testing for flexibility, hardness, and 
electrical properties for thermostat 
metals. A practical aim is to get good 
producer-consumer agreement. 

Subcommittee VIII on Metallic Ma- 
terials for Radio Tubes and Incandescent 
Lamps (S. A. Standing, chairman): 

Section A on Nickel-Cathode Materials 
is drawing to completion its work on the 
revisions of the Tentative Methods of 
Testing Sleeves and Tubing for Radio 
Tube Cathodes (B 128 - 52 T) and Ten- 
tative Specification for Circular Cross- 
Section Nickel Cathode Sleeves for 
Electronic Devices (B 239 — 49 T). 

The group on Physical Tests con- 
tinues its work on disk cathode assem- 
blies. Work is also in progress on collapse 
strength and measurement of camber 
with relation to cathodes. 

The Gas Analysis group is doing work 
with regard to vacuum fusion analysis 
for small amounts of carbon and gas in 
small samples of nickel. 

In the Chemical Analysis group, pro- 
cedures have now been worked out with 
Committee E-3 on Chemical Analysis 
of Metals for determination of cobalt, 
copper, manganese, iron, titanium, and 
silicon. This group is now planning ~ 
work on aluminum, magnesium, tung- 
sten, and carbon. 

The Cathode group, in connection with 
the National Bureau of Standards, is 
continuing its work for the evaluation 
of vacuum-melted nickel. Work is pro- 
gressing on a standard triode and also 
on methods for interface impedence. 
Seven methods are under consideration 
in this project at the present time. 

The Spectrographic Analysis group is | 
following a program leading to improve- 
ments in procedures based upon the use 
of nickel oxide samples, which are being 
prepared and checked by the National 
Bureau of Standards. Heats of cathode 
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nickel with a cobalt variable are still 
being worked upon. 

Section C on Wire.—The group dealing 
with fine wire is in the process of revis- 
ing tentative specifications on tungsten 
and other grid wires. They are also 
studying means of improving a test for 
“out of roundness.” 

Section F on Mica and Ceramics 
continues its general survey of the phys- 
ical and mechanical properties of this 
material with respect to the needs of 
the electronic industry. This group also 
considers that some work in ceramics 
should be done with respect to “end use” 
applications, being mindful of the need 
for cooperative action with other com- 
mittees, primarily Committee D-9 on 
Electrical Insulating Materials. 

Section G on Clad and Plated Materials 


- continues its work on proposed specifi- 


cations for steel strip for radio tubes 
and incandescent lamp use. New limits 
on the thickness of cladding and plating 
materials were established. This group 


_ is considering the problems of limits on 


thickness, width and burrs, with better 
description of the physical properties of 
these materials. 

Proposed revision to the Method of 
Test for Temper of Strip and Sheet 
Metals for Electronic Devices (Spring- 
Back Method) (B 155-50) is under 
consideration. Consideration is also 
being given to the problem of how best 
to orient studies of emission of plated 
cathodes. 

Subcommitiee IX on Method of Test 
for Alloys in Controlled Atmospheres 


_ (P. H. Brace, chairman).—The efforts 


of this committee are directed toward 
carburization research to meet the 
requirements of the steel heating in- 
dustry which desires to raise the car- 
burizing temperature to increase the 
rate of production. In this connection, 
test programs are being set up. 

progra 


Subcommittee X on Contact Materials 
(J. D. Kleis, chairman).—Since the 
time of the last annual report, Mr. 
Kleis has been asked to assume the 
chairmanship upon the retirement of 
F. E. Carter, who was chairman for 
many years. 

Mr. E. I. Shobert, II, of the sub- 
committee, received the ASTM Award 
of Merit at the 1953 Annual Meeting. 

Work of this committee has continued 
with its study of the surety of making a 
circuit test with gold, fine silver, copper, 
and tungsten contacts. Further controls 
have been established with regard to 
preoxidation cleaning. 

An interesting talk was given at the 
fall meeting by Mr. V. J. Albano of the 
Bell Telephone Laboratories on “Films 
on Metals.” 

Work continues on a test method to 
be used to determine the thermal con- 
ductivity of contact materials. Work 
also continues on standardization of 
contact forms and sizes. 

The section on Microcontacts is now 
organized and is establishing its work 
load with respect to test devices and 
test methods. 

An interesting talk on “Microcon- 
tacts” was given by R. Holm. This 
dealt with many of the difficulties in- 
volved with surface films at low contact 
forces. 


The report has been submitted to 
letter ballot of the committee, which 
consists of 66 members; 47 members 
returned their ballots, of whom 40 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


S. A. STANDING, 


Chairman. 


A 


STANTON UMBREIT, 
Secretary, 
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Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, held two 
meetings during the year: at Philadel- 
phia, Pa., on October 7, 1953, and at 
Washington, D. C., on February 4, 
1954. At these two sessions the Advisory 
Committee and Subcommittees W-1, 
W-2, W-3, W-4, F-1, and G-1 also met; 
Subcommittee G-3 met at the October 
sessions. 

During the year, 10 members were 
added to the committee and there were 
8 removals. At the present time the 
committee consists of 137 members, of 
whom 112 are voting members; 50 are 
classified as producers, 42 as consumers, 
and 20 as general interest members. 

At the February meeting the election of 
officers for the ensuing term of two years 
resulted in the selection of the following: 

Chairman, G. H. Harnden. 

First Vice-Chairman, W. D. France. 

Second Vice-Chairman, William Ro- 
manoff. 

Secretary, V. P. Weaver. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee B-5 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 

Tentative Specification for: 
Copper and Copper-Alloy Die Forgings (Hot 

Pressed) (B 283 - 53 T). 


* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 
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_ COPPER AND COPPER ALLOYS, CAST AND WROUGHT* 


Revision of Tentative Specifications for: 

General Requirements for Wrought Copper and 
Copper-Alloy Rod, Bar, and Shapes (B 249 - 
52 T), and 

General Requirements for Wrought Seamless 
Copper and Copper-Alloy Pipe and Tube 
(B 251-52 T). 

Tentative Revision of Standard Specifications for: 

Copper Plates for Locomotive Fireboxes (B 11 - 
49), 

Copper Rods for Locomotive Staybolts (B 12 - 
52) 

Seamless Copper Water Tube (B 88-51), 

Seamless Brass Tube (B 135 - 52), 

Manganese Bronze Rod, Bar, and Shapes 
(B 138 - 52), and 

Copper-Alloy Condenser Tube Plates (B 171- 
52). 


These recommendations were accepted 
by the Administrative Committee on 
Standards on September 9, 1953, and 
the new and revised tentative specifica- — 
tions and tentative revisions appear in 
the 1953 Supplement to the Book of 
ASTM Standards, Part 2. 


RECOMMENDATIONS AFFECTING 
STANDARDS 
The committee is submitting’2 new 
tentative specifications, revisions in 3 
tentative specifications, revisions in 19 
standard specifications for immediate 
adoption, the adoption of 3 tentatives — 
as standard, and the adoption of 14 
tentative revisions as standard. The 
standards and tentatives affected, to- 
gether with the revisions recommended, 
are covered in detail in Appendix I. 


The recommendations in this report 
1 See p. 167. 
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have been submitted to letter ballot of 
the committee, the results of which will 
_ be reported at the Annual Meeting.? 


ACTIVITIES OF THE ADVISORY 
COMMITTEE 


Recommendations for revisions in the 
regulations governing the committee 
- were approved by letter ballot of the 
a. A task group (L. H. Adam, 

chairman) prepared these recommenda- 
tions, among which are: (a) the term 
“copper-base alloy ingot” for “copper 
ingot” in the Scope of the Committee, 
(b) the term “Executive Subcommittee” 
for “Advisory Committee,” (c) more 
definite statements on the functions of 
the Executive Subcommittee, (d) ap- 
| proval of establishment of Technical 
- Subcommittees and groupings thereof 
. and of the appointment of Technical 
Subcommittee chairmen by the Main 
Committee instead of the Executive Sub- 
committee. 

A paper entitled “The Mechanical 
d Properties of Some Nickel Silver Alloy 
_ Strips,” by G. R. Gohn, J. P. Guerard, 
and G. J. Herbert of Bell Telephone 
- Laboratories Inc., was presented at the 
February meeting of the committee and 
is appended hereto.® 


ACTIVITIES OF SUBCOMMITTEES 


The following is the report of the 
several subcommittees during the year. 
The actions on standards are given in 
detail in the Appendix.’ 

Subcommitiee W-1 on Plate, Sheet, and 
_ Strip (W. D. France, chairman) recom- 
mended that revisions be incorporated 
in Tentative Specification B 122. Re- 
visions for immediate adoption were 
recommended in Standard Specifica- 
tions B 96, B 97, B 100, and B 152. 


2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


3See p. 229. 
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Specification B 19 was recommended 
for adoption as standard without revi- 
sion. Adoption as standard was recom- 
mended for tentative revisions of five 
standard specifications: B 11, B 130, 
B 131, B 152, and B 171. The sub- 
committee recommends a proposed new 
Tentative Specification for Copper-Zinc- 
Manganese Alloy (Manganese Brass) 
Sheet and Strip prepared by a task group 
(M. M. Randle, chairman). 

A task group (E. W. Lovering, chair- 
man) prepared the requirements for a 
new 10 per cent nickel silver alloy for 
Specification B 122. A task group (V. P. 
Weaver, chairman) prepared the re- 
visions for chemical requirements in 
Specifications B 96, B 97, and B 100. 
A task group (G. H. Harnden, chairman) 
prepared the revision on availability 
of hard temper in Specification B 152. 

Among the subjects being considered 
by the subcommittee are the preparation 
of requirements for tin-coated copper, 
more definite requirements for edge 
finish, the revision of Basis of Purchase 
sections, the revision of Specification 
B 171 with respect to lot size and flatness 
tolerances, the revision of Specification 
B 100 to define limits in plate size, and 
recognition of direction of rolling in the 
selection of tensile specimens. 

Subcommittee W-2 on Rods, Bars, and 
Shapes (J. D. MacQueen, chairman) 
recommended that revisions be incorpo- 
rated in Tentative Specification B 133. 
Revisions for immediate adoption were 
recommended in Standard Specifica- 
tions B 98, B 124, B 138, B 140, B 150, 
and B 187. Adoption as standard was 
recommended for tentative revisions of 
four standard specifications: B 12, B 21, 
B 138, and B 150. 

A task group (G. H. Harnden, chair- 
man) prepared the revisions for tensile 
requirements in Specification B 133. 
A task group (V. P. Weaver, chairman) 

_ prepared the revisions for chemical re- 
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quirements of copper-silicon alloys in 
Specifications B 98 and B 124. A task 
group (G. C. Mutch, chairman) pre- 
pared the revision for manganese limit 
in Specification B 138. A task group 
(V. P. Weaver, chairman) prepared the 
revisions in lead limit and elongation 
for Specification B 140. A task group 
(J. F. Klement, chairman) prepared 
chemical and tensile requirements for 
a new alloy No. 3 in Specification B 150. 

Among the subjects being considered 
by the subcommittee are the deletion 
of provision for machined bend test 
specimens in Specification B 187; the 
revision of chemical requirements for 
rod of type OF copper; consideration 
of alloys with lower nickel content for 
Specification B 151; revision of the 
copper limits for alloy No. 2, and the 
list of alloys in Specification B 124; and 
in Specification B 139, the clarification 
of requirements for test specimens. 

Subcommitiee W-3 on Wire and Wire 
Rod (Sidney Metzger, chairman) recom- 
mended revisions for immediate adoption 
in Specifications B 99, B 159, and B 206. 
The subcommittee also recommended 
that Specifications B 250 and B 272 be 
retained as tentative. 

A task group (V. P. Weaver, chairman) 
prepared the revisions in chemical re- 
quirements for Specification B 99. A 
task group (M. D. Helfrick, chairman) 
prepared requirements to provide for 
wire under 0.020 in. diameter in Specifi- 
cation B 159. A task group (E. W. 
Lovering, chairman) prepared require- 
ments for a new 12 per cent nickel silver 
for Specification B 206. 

Among the subjects under considera- 
tion in the subcommittee are the prepa- 
ration of requirements for wire other 
than round in Specification B 159, and 
flat copper products with finished edges 
in sizes wider than provided for in 
Specification B 272. 

Subcommittee W-4 on Pipe and Tube 


On CopPpER AND CopPpER ALLOYS 


(G. C. Mutch, chairman) recommended 
that revisions be incorporated in Tenta- 
tive Specification B 251. Revisions for 
immediate adoption were recommended 
in Standard Specifications B 42, B 68, 
B 75, B 88, and B 188. Adoption as 
standard was recommended for tenta- 
tive revisions of five standard specifica- 
tions: B 14, B 43, B 88, B 111, and B 135. 

A task group (J. E. McGraw, chair- 
man) prepared for Specification B 251 
straightness tolerances for short-length, 
rectangular, and square tube, and re- 
visions in lot size for pipe. A task group 
(G. C. Mutch, chairman) recommended 
a minimum phosphorus content for 
type DPA copper in Specification B 75 
and elimination of the microscopic exam- 
ination for cuprous oxide in type DHP 
copper in Specifications B 42, B 68, B 75, 
and B 88. 

Among the subjects under considera- 
tion in the subcommittee are the review 
of temper requirements in Specification 
B 75 and requirements for Rockwell 
hardness in tube specifications; for B 111, 
the revision of requirements for the ex- 


panding test, dimensional tolerances, — 


and finish; preparation of yield strength 
requirements for the following specifica- 
tions when used in the Boiler and Pres- 
sure Vessel Code of the American So- 
ciety of Mechanical Engineers: B 13, 
B 42, B 43, B 75, and B 111; revision of 
chemical requirements for type OF 
copper in Specification B 75; and prepa- 


ration of a new specification for copper — 


tube in “Type B” sizes. 
Subcommittee F-1 on Castings, and 
Ingots for Remelting (G. H. Clamer, 


chairman; M. L. Steinbuch, secretary) © 


recommended revisions for immediate 
adoption in Standard Specification B 30. 
Recommended Practice B 208 and Speci- 
fication B 271 were recommended for 
adoption as standard without revision. 
The subcommittee recommends a pro- 
posed new Tentative Specification for 
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Nickel-Tin Bronze Castings prepared 
by a task group (J. S. Vanick, chairman). 
Among the subjects under considera- 
tion in the subcommittee are the revision 
of chemical requirements in Specification 
B 198, the review of chemical composi- 
tions for the proper number of significant 
figures, and the assembling of data on 
high-temperature properties of cast cop- 
per-base alloys for the Manufacturers’ 
Standardization Society of the Valve 
and Fittings Industry and other groups. 
Subcommittee G-1 on Methods of Test 
_ (G. R. Gohn, chairman; J. P. Guerard, 
secretary) is preparing a series of revi- 
sions in the dimensional tolerance re- 
quirements as now set forth in the various 
wrought product specifications. These 
revisions, which include, in the case of 
dispute or referee test, the choice of 
instrument for determining various di- 
mensions, are based on studies of the 
_ problem over a period of several years. 
The subcommittee is continuing its 
review of previous studies on the de- 
termination of grain size. The report 
_ of the task group on grain size determina- 
_ tion is appended hereto.‘ 
_ The subcommittee is also studying 
_ the implications in the following two 
papers that appeared in the ASTM But- 
LETIN (October, 1953): 

“Correlation of Published Data for 
Correction of Rockwell Diamond 
Penetrator Hardness Tests on Cyl- 
indrical Specimens,” by R. S. 
Sutton and R. H. Heyer. ’ 


* See p. 173. 


“Survey of Investigations of Effect 
of Specimen Thickness on Rockwell 
Tests,” by R. H. Heyer and V. E. 
Lysaght. 

The latter paper includes work initiated 
by the subcommittee several years ago 
to clarify the hardness testing of wrought 
copper and copper alloys. 

Subcommitiee G-2 on Tolerances (J. E. 
McGraw, chairman), in cooperation with 
Subcommittee W-4, recommended for 
Specification B 251 straightness toler- 
ances for rectangular and square tube, 
straightness tolerances for short-length 
tube, and revisions in lot size for pipe. 

Subcommitiee G-3 on Editorial and 
Publications (W. F. Roeser, chairman) 
recommended a proposed new Tentative 
Classification of Wrought Copper-Base 
Alloys. 

In cooperation with Subcommittee 
F-1 and the “W” subcommittees, the 
specifications under the jurisdiction of 
these subcommittees are being reviewed 
for editorial consistency. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 112 voting members; 88 mem- 
bers returned their ballots, of whom 84 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


G. H. HaRnDEN, 
Chairman. 
Secretary. 
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RECOMMENDATIONS AFFECTING STANDARDS FOR COPPER 
AND COPPER ALLOYS, CAST AND WROUGHT 


- In this Appendix are given the recom- Table I.—Add alloy No. 9 (70 Cu, 
mendations affecting certain standards 10 Ni, 20 Zn) with chemical require- 
covering copper and copper alloys which ments as follows: 

are referred to earlier in this report. 


ss 2 Copper, per cent............. 69.0 to 73.5 
The standards appear in their present Nickel, per cent.............. 9.0 to 11.0 
form in the 1952 Book of ASTM Stand- ees 
. m, Max, per cent........... . 
ards, Part 2, or in the 1953 Supplement Manganese, max, per cent... 0.50 
to the Book of ASTM Standards, Part 2. Zinc....................000 remainder 
TABLE I.—TENSILE AND ROCKWELL > 
New TENTATIVES VALUES FOR ALLOY NO. 9 ; 

The committee recommends the fol- A imate : 
lowing two new specifications for pub- Hardness 
lication as tentative: B Sale 
Tentative Specification for Copper- Min | Max | Min | Max 

Zinc-Manganese Alloy . (Manganese Quarter hard..... 55 000/70 000} 60 | 80 

Brass) Sheet and Strip,’ and Half hard........ 63 000|77 000} 70 | 85 

73 000/87 000) 79 91 
Tentative Specification for Nickel-Tin © bard. ...../79 000)91 000, 83 | 93 


Bronze Castings.' 
Table II.—Add alloy No. 9 with 


REVISIONS OF TENTATIVES tensile and Rockwell values as shown in 
the accompanying Table I. 
The committee recommends that the Section 8.—Indicate that all grain size a] 
following three tentative specifications values apply to alloy No. 9. 
be revised as indicated below and con- Table III.—Add approximate Rock- 
tinued as tentative. well hardnesses for alloy No. 9 as fol- 
lows: 


Tentative Specification for Copper- 


Nickel-Zinc Alloy (Nickel Silver), Temper, Nominal Al } 
and Copper-Nickel Alloy Plate, Sheet, rain Size 


Strip, and Rolled Bar (B 122 - 52 T): Min Mex 

0.070-mm..........- 5 20 

1The new tentative was accepted by the 0.035-mm........... 20 40 
Society and appears in the 1954 Supplement to 9.015-mm........... 35 55 


Book of ASTM Standards, Part 2. 
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Tentative Specification for Copper Rod, 
Bar, and Shapes (B 133 - 52 T): 


Table I.—For hard-temper bars, com- 
bine the first two size groups to read 
“Over 0.188 to 3, incl” with a minimum 
tensile strength requirement of 42,000 
psi and a minimum elongation require- 
ment of 12 per cent. 


Tentative Specification for General 
Requirements for Wrought Seamless 
Copper and Copper-Alloy Pipe and 

_ Tube (B 251 - 53 T): 


Section 4(a).—Revise “Lot Size” to 
read as follows: 


Lot Sise.-—For tube, the lot size shall be 5000 
lb or fraction thereof. For pipe, the lot size ap- 
plicable to ASTM Designations B 42 and B 43 
shall be as follows: 


Nominal Pipe Size, in. Lot Weight, Ib 
Up to 1, inel......... 5 000 or fraction 
thereof 
Over 134 to 4, inel...... 10 000 or fraction 
thereof 
40 000 or fraction 
thereof 


Section 8(j).—Revise to read as fol- 
lows: 


(j) Straightness Tolerances: 

(1) Round Tubes.—For round tubes of any 
drawn temper, 4% to 31% in. in outside di- 
ameter, inclusive, but not copper water tube, 
pipe, redraw tube, extruded tube, or any an- 
nealed tube, the straightness tolerances ap- 
plicable to ASTM Designations B 75, B 135, 
and B 188 shall be in accordance with Table 
XII. 

(2) Rectangular and Square Tubes.—For 
rectangular and square tubes of any drawn 
temper, the straightness tolerance applicable 
to ASTM Designation B 188 shall be -in. 
maximum curvature (depth of arc) in any 
6-ft portion of the total length. 


New Table.—Add a new Table XII to 
read as shown in the accompanying 
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ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following three tentatives be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard without 
revision: 


Tentative Specifications for: 


Cartridge Brass Sheet, Strip, Plate, 
Bar, and Disks (B19-52T), and 


Copper-Base Alloy Centrifugal Castings 
(B 271 - 52 T). 

Tentative Recommended Practice for 
Tension Test Specimens for Copper- 
Base Alloys for Sand Castings 
(B 208 —- 49 T). 

REVISION OF STANDARDS, IMMEDIATE 

ADOPTION 


The committee recommends for im- 
mediate adoption revisions in 19 specifi- 
cations as indicated below and accord- 
ingly asks for a nine-tenths affirmative 
vote at the Annual Meeting in order that 
these modifications may be referred to 
letter ballot of the Society. 


TABLE II.—STRAIGHTNESS TOLER- 
ANCES FOR COPPER AND COPPER-AL- 
LOY TUBE* IN ANY DRAWN TEMPER, 


(Applicable to ASTM Designations B 75, B 135, 
and B 188) 


Note.—Applies to round tube in any 
drawn temper from 4 to 314 in. in outside 
diameter, inclusive. 


Maximum 
Length, 
Arc), in. 
Ke 
He 


* Not applicable to copper water tube, pipe, 
redraw tube, extruded tube, or any annealed 
tube. 

>For lengths greater than 10 ft, the max- 
imum curvature shall not exceed 14 in. in any 
10-ft portion of the total length. 
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Standard Specification for Copper-Base 
Alloys in Ingot Form for Sand Cast- 
ings (B 30 - 49): 


Section 5.—Add Paragraph (d) to 
read: “In those cases where the method 
of sampling is not covered by the pre- 
ceding Paragraphs (a) to (c), inclusive, 
the procedure shall be agreed upon be- 
tween the manufacturer and the pur- 
chaser. 


Standard Specification for Seamless 
Copper Pipe, Standard Sizes 
(B 42 - 52): 


Section 8.—Add a second sentence to 
read: “When DHP copper is supplied, 
microscopic examination for cuprous 
oxide is not required.” 


Standard Specification for Seamless 
Copper Tube, Bright Annealed 
(B 68-51): 

Section 8.—Revise to read: “Samples 
of types DLP and OF copper shall be 
free of cuprous oxide as determined by 
microscopic examination at a 75X 
magnification. When DHP copper is 
supplied, microscopic examination for 
cuprous oxide is not required.” 


Standard Specification for Seamless 
Copper Tube (B 75 - 52): 


Table I.—For type DPA copper, add 
a minimum phosphorus limit of 0.015 
per cent. 

Section 10.—Revise to read: “Samples 
of types DLP and OF copper shall be 
free from cuprous oxide as determined 
by microscopic examination at a 75X 
magnification. When DHP or DPA cop- 
per is supplied, microscopic examination 
for cuprous oxide is not required.” 


Standard Specification for Seamless Cop- 
per Water Tube (B 88 - 51): 


Section 5.—Add a second sentence to 
read: ‘When DHP copper is supplied, 


microscopic examination for cuprous 
oxide is not required.” 


Standard Specification for Copper-Sili- 
con Alloy Plate and Sheet for Pressure 
Vessels (B 96 - 51): 


Table I.—For alloy A, delete the 
maximum allowance for tin. For alloy 
C, delete the maximum allowances for 
manganese and zinc. 

Appendix.—In Table III delete al- 
loys A-3, C-22, C-23, and C-24. 


Standard Specification for Copper-Sili- 
con Alloy Plate, Sheet, Strip, and 
Rolled Bar for General Purposes 
(B 97-51): 


Table I.—For alloy A, delete the 
maximum allowance for tin. For alloy 
B, delete the maximum allowance for 
zinc. For alloy C, delete the maximum 
allowances for manganese and zinc. 

Appendix.—In Table III delete al- 
loys A-3, B-11, B-13, B-15, C-22, C-23, 
and C-24, 


Standard Specification for Copper-Sili- 
con Alloy Rod, Bar, and Shapes 
(B 98 - 52): 


Table I.—For alloy A, delete the 
maximum allowances for tin and zinc. | 
For alloy D, delete the maximum al- — 
lowance for zinc. Delete Alloy C and 
references to it in Table II and Section 7. 

Appendix.—In Table III delete al- 
loys A-3, A-4, B-11, B-15, C-22, C-23, 
C-24, and D-31. 


Standard Specification for Copper-Sili- 
con Alloy Wire for General Purposes 
(B 99-51): 


Table I.—Delete the maximum al- 
lowances for tin for alloys A and B. 
For alloy A, delete the maximum al- © 
lowance for zinc. Delete alloy C and | 
references to it in Table II and Section 7. | 
Appendix.—In Table III delete al- 
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_ loys A-3, A-4, B-11, B-15, C-22, C-23, 
and C-24. 


- Standard Specification for Rolled Cop- 
per-Alloy Bearing and Expansion 
Plates and Sheets for Bridge and 
Other Structural Uses (B 100 — 52): 


Section 4.—For alloy No. 2, delete the 
- maximum allowance for tin. 


_ Standard Specification for Copper and 
Copper-Base Alloy Forging Rod, Bar, 
and Shapes (B 124 - 52): 


Table I.—For alloys Nos. 7 and 8, 
delete the reference to footnote a for 
_ tin. For alloy No. 9, delete the reference 
to footnote a for tin, manganese, and 
zine, 

Table II.—For alloy No. 4, revise 
manganese limit “0.50 max” to read 
“0.05 to 0.5” per cent. For alloys 7 
and 8, delete maximum allowance for 
_ tin. For alloy 9, delete the maximum al- 
_lowances for tin, manganese, and zinc. 


‘Standard Specification for Manganese 
Bronze Rod, Bar, and Shapes 
(B 138 — 52): 


Table I.—For alloy A, revise manga- 
nese limit “0.5 max” to read “0.05 to 
0.5” per cent. 


Standard Specification for Leaded Red 
Brass (Hardware Bronze) Rod, Bar, 
and Shapes (B 140 - 52): 


_ Table I.—F¥or alloy B, change the 
present upper lead limit of “2.2” to 
read “2.5” per cent. 

Table II.—F¥or half-hard rounds, 
hexagons, and octagons ¥ in. and under 
in diameter or thickness, revise the 
_ present minimum elongation value of 
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“10” to read “7” per cent. oe Section 1.—Revise size ranges to 


Standard Specification for Aluminum 
Bronze Rod, Bar, and Shapes 
(B 150 - 52): 

Table I.—Add a new alloy No. 3 with 
chemical requirements as follows: 


Copper, per cent.............. 88.0 to 92.5 
Aluminum, per cent........... 6.0to 8.0 
Sum of named elements, min, 
TABLE III.—TENSILE 
FOR ALLOY NO 
in 4X 
Diameter or : 
Thickness, in. BR Ey 
| Sa | Specimen, 
34 nia, 
per cent 
Rods and Bars: 
44 and under....... 80 000/40 000} 30 
Over }4 to 1, incl 75 000/35 000 30 
Over 1 to 2inel..... 70 000\32 000 30 
TABLE IV.—RADIUS FOR SQUARE 
NERS 
Maxim 
Radius of 
Specified Thickness, in. ett 
for Square 
Corners, in, 
Over to %¢ (0.188), incl... ... Ya 
Over 34¢ (0.188) to 1, incl........ eo 
Ke 


Table II.—Add tensile requirements 
for alloy No. 3 as shown in the accom- 
panying Table ITI. 


Standard Specification for Copper Sheet, 
Strip, Plate, and Rolled Bar 
(B 152 - 52): 


Section 5(a).—Indicate that footnote 
a also applies to hard temper. 


Standard Specification for 
Bronze Wire (B 159 - 52): 


Phosphor 
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TABLE V.—RADIUS FOR ROUNDED CORNERS. 


4 = Nominal Radius of Corners, in. 
- Specified Thickness, in. For Widthe 
oa Including 2X For Widife Bese Then 2x 
0.012 Full rounded edges as given in 
Section 14 (e) 
Section 14 (e) 
Over to (0.188), incl... ee Ye Yo 
Over 346 (0.188) to 1, incl... ie 


TABLE VI.—RADIUS FOR ROUNDED 


EDGE 
Nominal Tolerance 
Specified Radius of on Radius, 
Thickness, in. Rounded plus and 
Edge, in. minus, in. 
346 (0.188), 
1% X 
thickness thickness 
Over (0.188)...| 134 X yx 
thickness thickness 


read as follows, retaining the present 
footnote 3. 


Size of Wire, in 
Up to 0.500 
Up to 0.250 


Standard Specification for Copper Bus 
Bar, Rod, and Shapes (B 187 - 52): 


Section 14,—Revise Paragraphs (6), 
(c), and (d) to read as follows: 


(b) Square Corners.—Unless otherwise speci- 
fied, bar shall be finished with commercially 
square corners with the maximum permissible 
radius shown in Table VIII (accompanying 
Table IV). 

(c) Rounded Corners.—When specified, bar 
may be finished with corners rounded as shown 
in Fig. 1 to a quarter circle with a radius as 
shown in Table IX (accompanying Table V). 
The tolerance on the radius shall be +25 per 
cent. 

(d) Rounded Edge.—When specified, bar may 
be finished with edges rounded as shown in Fig. 
2, with a radius of curvature as shown in Table 
X (accompanying Table VI). 


Standard Specification for Seamless 
Copper Bus Pipe and Tube 
(B 188 - 52): 


Section 2.—Add at the end of the 
eoction: “..., except sampling proce- 
dure, which shall be in accordance with 
Section 8.” 

New Section—Add a new Section 8 
to read as follows, renumbering subse- 
quent sections accordingly: 

8. Number of Test Specimens. (a) Specimens 
shall be selected for test purposes from each lot _ 


of 5000 Ib or fraction thereof, of each size and 
form, according to the following schedule: 


Number of Pi N 
| 

1 

2 

3 
Over 1500...........] 0.2 per cent of total 
number of pieces in 

the lot 


*Each specimen shall be taken from a 
separate piece. 


(b) Specimens selected in accordance with 
Paragraph (a) shall be subjected to the Rock- 
well hardness test and to the electrical resistivity 
or conductivity test to determine conformance © 
to the requirements prescribed in Table I. 

(c) One specimen shall be tested for tensile 
properties and one for bending, if required, to 
determine conformance to the requirements in 
Table I. 

(d) In the case of coppers designated as 
oxygen-free or deoxidized, a section of each 
specimen selected in accordance with Paragraph 
(a) shall be submitted to microscopic examina- 
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tion as specified in Section 5, and also to the 
embrittlement test, if specified, as prescribed in 
Section 6. 


Standard Specification for Copper- 
Nickel-Zinc Alloy (Nickel Silver) Wire 
(B 206 — 52): 


Section 1.—In Paragraph (a), second 
sentence, revise “four” to read “five” 
and add alloy D with nominal composi- 
tion 65 per cent copper, 12 per cent 
nickel, 23 per cent zinc. In Paragraph 


rk (b) add “Alloy D.—For general use.” 


Table I.—Add chemical requirements 
for alloy D as follows: 


Copper, per cent.............. 63.5 to 66.5 
11.0 to 13.0 
_ Lead, max, per cent........... 0.05 
Tron, max, per cent........... 0.25 
Manganese, max, per cent... .. 0.50 
remainder 


Table II.—Add tensile requirements 
for alloy D as follows: 


Temper Tensile Strength, psi 
Quarter hard.......... 73 000 to 88 000 
rer 88 000 to 103 000 
108 000 to 123 000 
Spring: 
0.020 to 0.0253, 
rarer 130 000 min 
Over 0.0253 to 0.0625, 
125 000 min 
Over 0.0625 to 0.125, 
Sa 120 000 min 
Over 0.125 to 0.250, 
112 000 min 


Table III.—In the first column add 
“Alloy D” for all grain sizes. 


ADOPTION OF TENTATIVE REVISIONS OF 
STANDARDS AS STANDARD 


The committee recommends the adop- 
tion as standard of the tentative revi- 
sions issued in 1952 for the Standard 
Specification for Copper and Copper- 
Alloy Seamless Condenser Tubes and 
Ferrule Stock (B 111 — 52), and in 1953 
for the following 14 standard specifica- 
tions: 


Copper Plates for Locomotive Fireboxes 
(B 11 - 49), 
Copper Rods for Locomotive Staybolts 


(B 12- 52), 
Seamless Brass Boiler Tubes 
(B 14 - 49), 


Naval Brass Rod, Bar, and Shapes 
(B 21 - 52), 

Seamless Red Brass Pipe, Standard 
Sizes (B 43 - 52), 


Seamless Copper Water Tube 
(B 88 - 51), 
Copper and Copper-Alloy Seamless 


Condenser Tubes and Ferrule Stock 
(B 111 - 52), 

Gilding Metal Strip (B 130 - 52), 

Gilding Metal Bullet Jacket 
(B 131 - 51), 

Seamless Brass Tube (B 135 -— 52), 

Manganese Bronze Rod, Bar, and 
Shapes (B 138 — 52), 

Aluminum Bronze Rod, Bar, and 
Shapes (B 150 - 52), 

Copper Sheet, Strip, Plate, and Rolled 
Bar (B 152 — 52), and 

Copper-Alloy Condenser Tube Plates 
(B 171 - 52). 


Cups 


Standard Specifications for: 


RPS 


PS 
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Early in 1940 the Frankford Arsenal 
representatives on Committee B-5 
pointed out the inadequacy of the present 
methods for grain size determination on 
brass. This was particularly critical on 
cartridge case cups. Frequently there 
were wide discrepancies in the grain size 
readings as determined by the Arsenal 
and the manufacturers on identically the 
same material. This could be due to the 
fact that in many cases the range of grain 
size encountered in cartridge brass cups 
was frequently much wider than provided 
for in the original grain size chart in 
ASTM Method E 2-39 T.? This led to 
the practice of approximating the grain 
size, particularly in the abnormal zones 
of the cartridge cup. 

It appeared, therefore, that before co- 
ordination could be reached on the speci- 
fications for cartridge cups it would be 
necessary to make a thorough review of 
the several methods currently used for 
determination of grain size of brass. A 
special committee on Grain Size Deter- 
mination of Subcommittee G-1, Com- 
mittee B-5, was appointed. A round- 
robin testing program was developed 


1This report was made by the 1953 Task 
Group on Determination of Grain Size, organ- 
ized under Subcommittee G-1 on Methods of 
Test. The membership of the Task Group in- 
cluded the following: G. H. Harnden, Chairman, 
H. C. Ashley, W. D. France, N. H. Murdza, R. 
8. Pratt, and V. P. Weaver. 

2? Tentative Methods of Preparation of Micro- 
graphs of Metals and Alloys (E 2-39 T), 1939 
Book of ASTM Standards, Part I, p. 1214. 
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with nine different laboratories partici- 
pating. Test specimens were prepared 
and furnished by the Frankford Arsenal, 
as was a suggested procedure for making 
the grain size determinations. As the re- 
sults were reported, they were statis- 
tically analyzed and consolidated by at 
least three statisticians. (See Appendices 
B, C, D, and E, taken directly from the 
reports of the statisticians.) 

During the course of the investigation, 
the scope was broadened to include grain 
size determination on cartridge brass flat 
products. However, the results of this 
investigation would well apply generally 
to copper and all single-phase wrought 
copper alloys in all forms. 

The report of the original 1940 com- 
mittee was found to provide sound basic 
data, including both original observa- 
tions and statistical analysis, which have 
enabled the 1953 Task Group to develop 
its report. Although many of the original 
conclusions have been substantiated dur- 
ing the elapsed 13 years, the current Task 
Group has found it advisable to modify 
the original recommendations and to 
submit new recommendations based on 
latest metallographic practice on grain 
size determination of copper and copper- 
base alloys. 

In this report the conclusions and 
recommendations of the 1940 special 
committee are described. These are fol- 
lowed by the 1953 group’s recommenda- 
tions. The history of the 1940 grain size 
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investigations, as well as the statistical 
data referred to earlier, have been in- 
cluded as Appendices A to E. 


CONCLUSIONS OF THE 1940 COMMITTEE 


The following constitute the conclu- 
sions of the original 1940 Special Com- 
mittee on Grain Size Determination of 
Subcommittee I, Committee B-5; they 
were based on the statistical report of 
that group. 


Jeffries’ Planimetric Method: 


Because of the small number of labora- 
tories participating in this test, it was 
difficult to form definite conclusions. 
Based on the test information returned, 
the following procedure is recommended 
when the Jeffries’ method of determining 
grain size is used: 

1. A magnification of 75 X is recom- 
mended for grain sizes 0.045 to 0.200 mm. 

2. A magnification of 37.5 X is recom- 
mended for grain sizes larger than 0.200 
mm. (On the basis of the data the com- 
mittee should recommend 25 X, but this 
is an odd size, being one third of 75 X, 
the basic magnification.) 

3. A magnification of 300 X is recom- 
mended for grain sizes smaller than 0.045 
mm. (A magnification of 75 X is not 
sufficiently large for accurate measure- 
ments by Jeffries’ Count. The data are 
not conclusive on either 150 X or 250 X, 
although results obtained by the two in- 
dicate approximately the same degree of 
accuracy. The magnification of 250 X 
appears preferable, and therefore a mag- 
nification of 300 X is recommended to 
accommodate the standard ranges of the 
instruments available.) 


Heyn’s Intercept Method: 


Results of statistical analysis indi- 
cated that it was impossible to obtain 
comparable results between laboratories 
within the desirable range of variability 
by the use of the intercept method. 
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Comparison Method Using Transparen- 
cies: 


Although the number of laboratories 
submitting results by this method was 
small, the agreement between operators 
in the same laboratory was good, and the 
agreement between laboratories was also 
good. 


Comparison Method Using Opaque Prints: 


1. Reproducibility of observations by 
single operators was noticeably better 
than between operators in an individual 
laboratory. 

2. Analysis indicated that the greatest 
contribution to the over-all variability 
was the variability between laboratories. 
It also indicated that there existed a 
definite bias. (Some laboratories tend 
consistently to read low and others tend 
consistently to read high.) This difference 
between laboratories was not so great 
between 0.100 and 0.200 mm as on the 
smaller grain sizes. 

3. The bias might be improved or com- 
pletely removed by adhering to the 
following suggestions: 

(a) Since the bias appeared to be less 
on the larger grain sizes, a higher mag- 
nification should be used on the smaller 
grain sizes. 

(b) More frequent checking of the op- 
erators against a quantitative method 
should be made. 

(c) Magnifications should be checked 
at regular intervals of not less than once 
per week against a stage micrometer. 

4, The same changes in magnification 
were recommended as were recommended 
for the Jeffries’ method. 

5. By increasing the magnification to 
300 X on sizes under 0.045 mm, the us- 
able range of the ASTM charts would be 
increased to 0.0025 mm. If magnification 
could not be increased, a new chart for 
0.005 mm was recommended for addition 
to the ASTM series. 
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6. Decreasing the magnification to 
37.5 X increases the range of the present 
ASTM charts to 0.400 mm. The commit- 
tee recommended the addition of a new 
chart for 0.300 mm to the present ASTM 
charts. Larger grain sizes should be com- 
pared at a magnification of 18.75 X. 


RECOMMENDATIONS OF THE 
1940 CoMMITTEE 


The following recommendations were 
made: 

1. The intercept method is not satis- 
factory and is, therefore, not recom- 
mended for use. 

2. The transparency method gives 
more consistent results than the com- 
parison method, is less time-consuming 
than the quantitative Jeffries’ method, 
and is the least fatiguing of the three 
methods under consideration. 

3. It is recommended that: 

(a) Transparency method be adopted 
as the standard procedure for the deter- 
mination of grain size of wrought copper 
alloys. 

(b) Jeffries’ method be considered as 
the referee method in case of controversy 
since it is the only acceptable quantita- 
tive method, even though its range of 
reproducibility is no smaller than that of 
the qualitative methods. 

(c) Grain size be determined in ac- 
cordance with the following magnifica- 
tions: 


Actual Grain Size Range, mm Magnification 
75 X 
Over 0.200-0.600............. 37.5 X 


(d@) Two new photomicrographs be 
added to plate No. 3 of ASTM Method 
E 2-39 T, as follows: 

1. 0.020 mm. 

2. 0.300 mm. 


OF GRAIN SIZE 


These, with the magnifications recom- 
mended in the above paragraph (c), will 
give the following grain size standards: 


Magnification 
Chart Value* 
300 X 75 X 37.5 X | 18.75 X 

0.010(a)....| 0.002 
0.015(b).... 
0.020(n)....| 0.005 
0.025(c)..... 
0.035(d)....| 0.009 | 
0.045(e)..... 0.011 | 0.045 » 6 
0.065(f)..... 0.016 | 0.065 
0.090(g)....| 0.022 | 0.090 
0.120(h)....| 0.030 | 0.120 
0.150(i)..... 0.038 | 0.150 | 0.300 | 0.600 
0.200(j)..... 0.050 | 0.200 | 0.400 | 0.800 
0.300(n)....| ~__ | 0.300 | 0.600 | 1.200 


@ (a) to (j) refer to lettering of photomicro- 
graphs on present ASTM chart. (n) indicates 
proposed additions. 


(e) The above table be added to 
ASTM Method E 2 for purposes of clari- 
fication of chart values versus magnifica- 
tions. 

(f) Grain size be reported, as follows: 


Report to 


Grain Size, mm Nearest mm* 


0.012 and smaller............. 0.001 
Over 0.012 to 0.030.......... 0.002 
Over 0.030 to 0.070.......... 0.005 
Over 0.070 to 0.150.......... 0.010 
Over 0.150 to 0.300.......... 0.025 
Over 0.300 to 0.600.......... 0.050 


* The allowable variation for reporting ob- 
servations does not indicate the magnitude of 
the variation due to errors in the measuring 
devices, to human errors, or to differences be- 
tween different observers, and should not be so 
construed. 


RECOMMENDATIONS OF THE 
1953 COMMITTEE 


The following constitute the recom- 
mendations of the 1953 Task Group on 
Determination of Grain Size. They take 
into account the technological advances 
made in the art since 1940. For ease of 
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comparison with the recommendations 
made by the earlier committee, the same 
sequence of grain size determination 
methods and paragraph numbers are 


used: 
: 1. The intercept method is not the pre- 
, ferred method for equiaxed grains, but it 


is the best method available for deter- 
mining grain size in cold worked material 
or structures having elongated grains. 

2. The comparison method using 
transparencies gives more consistent re- 
sults than the comparison method using 
opaque prints. These comparison meth- 
ods are less time-consuming and less 
fatiguing than the Jeffries’ planimetric 
method. 

3. It is recommended that: 

(a) 

(1) The comparison method be 
adopted as the standard proce- 
dure for the determination of 
grain size of wrought copper and 
copper alloys. Comparison with 


‘iy transparencies is preferred to 
comparison with opaque prints. 

(2) Standard grain size transparen- 
cies be made available through 

- _ ASTM, similar to those now 
available for austenitic grain 


size in steels (ASTM Method 
E 19-46)? 
(6) The Jeffries method be adopted as 


During a meeting of Committee B-5 on 
Copper and Copper Alloys at the Wardman 
Park Hotel, Washington, D. C., March, 
1940, considerable discussion developed over 
the methods and limits for obtaining and 
specifying the grain size of cartridge case 


3 Classification of Austenite Grain Size in 
Steels (E 19-46), 1952 Book of ASTM Stand- 
ards, Part 1, p. 1435. 
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APPENDIX A 


HISTORY OF EARLIER WORK 


the referee method in case of disagree- cup: 
ment. 
(c) The following magnifications for Stri 
comparison methods of grain size deter- Afte 
mination in copper and copper alloys be con 
adopted as the preferred ones: onl; 
info 
Grain Size Magnification reco 
min 
250-300 x 
25 X 
(d) One new photomicrograph, illus- 
trating 0.020-mm grain size, be added to 
the present plate No. 1 of ASTM Method 
E 79 -49 T.4 
(e) No further action be taken because 
a chart of grain size standards versus 
magnification is now printed in Method 
E 79, although 0.020-mm grain size is not 
included. This would be included auto- 
matically with the adoption of the 1953 
recommendations contained in this re- 
port. 
(f) Grain size be reported, as follows: 
Grain Size, mm se 
0.002 to 0.008, inclusive....... 0.001 
Over 0.008-0.014............. 0.002 
Over 0.014-0.050............. 0.005 
Over 0.050-0.150............. 0.01 
Over 0.150-0.300............. 0.02 F 
Over 0.300-0.600............. 0.05 Wer 
I 
ami 
to | 
mea 
of 
wou 
cups and cartridge brass. This was in con- the 
nection with a proposal to revise ASTM Me 
Method B 19-295 covering cartridge brass in ] 
‘Tentative Methods for Estimating the Av- “ta 
erage Grain Size of Wrought Copper and Cop- 
per-Base Alloys (E79-49T), 1952 Book of the 
ASTM Standards, Part 2, p. 1144. rece 
5 Standard Specifications for Cartridge Brass —_ 
(B 19-29), 1939 Book of ASTM Standards, 7 
Part I, p. 656. of N 
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cups. Major C. H. Greenall (then Chairman 
of Committee B-5) placed the problem be- 
fore Subcommittee I on Plate, Sheet, and 
Strip for review and recommendations. 
After careful consideration, Subcommittee I 
concluded that round-robin testing was the 
only practical way of obtaining sufficient 
information that might form the basis of 
recommended changes in grain-size deter- 
mination. 


DETERMINATION 


Caliber 0.50 Cup 


Caliber 0.30 Cup 


Fic. 1.—Locations Where Spot Readings 
Were Taken on Specimens Nos. A to 8 Inclusive. 

It was also pointed out that such an ex- 
amination would be of considerable benefit 
to all people concerned and would be a 
measure as to the reliability of the technique 
of the different laboratories involved. It 
would also be a check on the reliability and 
the case of interpretation of the ASTM 
Metallographic Grain Size Chart, Plate II, 
in Method E 2 - 36.6 

A special committee of Subcommittee I 
was appointed to set up the program, study 
the results, and compile the final report and 
recommendations. 

Standard Rules Governing the Preparation 


of Micrographs of Metals and Alloys (E 2 — 36), 
1936 Book of ASTM Standards, Part I, p. 763. 
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The Special Committee immediately 
made a canvass of the various laboratories 
that might be interested in participating in 
the round-robin test. It was finally decided 
that six manufacturers, two disinterested 
laboratories, and one arsenal be included. 
The following is the list of these participat- 
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Caliber 0.50 Cup 


Caliber 0.30 Cup 


Left Side 
Right Side 
Center 
Outside Center Right Base 


Fic. 2.—Locations Where Spot Readings Were 
Taken on Specimens Nos. 9 to 25 Inclusive. 


Left Base 


ing laboratories in the order in which they 
received samples and made the determina- 
tions: 
Frankford Arsenal (Capt. L. S. Fletcher) 
General Electric Co. (G. H. Harnden) 
Revere Copper and Brass, Inc. (E. S. 
Bunn) 
Chase Brass and Copper Co. (L. A. Ward) 
American Brass Co. (C. H. Davis) 
Scovill Manufacturing Co. (W. B. Price) 
Bridgeport Brass Co. (R. S. Pratt) 
Bell Telephone Labs., Inc. (C. H. Green- 
all) 
Western Cartridge Co. (A. G. Schuricht) 
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Because of the Frankford Arsenal’s past 
experience with grain-size testing of car- 
tridge case cups, the special committee relied 
heavily on that laboratory for advice and 
assistance. The Arsenal prepared prints 
showing the points at which the grain-size 
readings were to be taken (see Figs. 1 and 
2). The work done at the arsenal indicated 
that the two areas in the bottom of the cup 


at the quarter points were equally as bad 


from the point of view of taking in some of 
the area abnormality as the center area in 
the bottom. 

The grain size in the side wall and that 
area directly under the side wall at the 
plane where the base and the side wall join 
gave appreciably the same results. The two 
areas in the center of the base, one at a dis- 


- tance one third from the inside of the cup 
- and the other at a distance two thirds from 


the inside of the cup, seemed to pick up the 
area of abnormality and the area of normal 


grain size. 


Because of this, it was suggested that the 
investigation take in at least the areas on 
the side wall and the two areas in the center 
of the base, laterally, one of them one third 


of the way through and the other two thirds 


of the way through. 

The Arsenal prepared the specimens and 
set up the instructions as to the correct 
procedure for reading grain size on various 
cups for the first series of tests. This included 
the reading of the grain sizes on 125 annealed 
cups, 75 representing caliber 0.30 and 50 
representing caliber 0.50 cups. 

The specimens were separated into five 
groups of 25 cups each. Each group was 
subdivided, the first eight having scribed 
lines at right angles to each other on the 
side wall and in the base, and the remaining 
seventeen without scribed lines. 

The cups were manufactured from car- 
tridge brass conforming to the requirements 
of U. S. Army Specification No. 57-172-2A 
(1939 revision). 

The specification established the following 
limits for grain size under which the subject 
caliber 0.30 and caliber 0.50 cups used in 
these tests were procured at that time: 
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Caliber Location Grain Size, mm 
Caliber 0.30 
and 0.50....| Side wall) 0.080 min, 0.140 


max, 0.010 on 


average 
0.150 max, +0.010 
on average 


Base 


The cups of the first five series of samples 
were fabricated from brass which conformed 
to the following limits on chemical analysis: 


Re 68 to 71 per cent 
0.05 per cent 
Balance 
Other impurities........ 0.150 per cent max 


The cups were sectioned in half longi- 
tudinally and mounted in ivory bakelite. 
The mounted specimens were approximately 
1} in. in diameter and ? in. long. 

The specimens were then polished on 
abrasive papers of successive fineness and 
finished with levigated alumina on a special 
soft nappy fabric. Each specimen was 
etched with a fresh solution of ammoniacal 
peroxide in the proportion of 4:1 of ammo- 
nia and hydrogen peroxide. The speci- 
mens were identified on the back with a 
letter and number. 

The caliber 0.30 cups were designated by 
the letters, P, X, and L, and the caliber 0.50 
cups were identified as G and K. Each group 
of lettered specimens was selected from 
separate lots representing typical shipments 
from various brass manufacturers. The cups 
were packed in wooden boxes 10} by 10} 
by 2} in. in outside dimensions for shipment 
to the participating laboratories. The etched 
surfaces of the specimens were protected 
with lens paper. 

Each participating laboratory was re- 
quested to use the following procedure: 

i. A visual comparison of grain size as 
projected on the ground glass screen of a 
metallographic microscope shall be made 
with the grain size as shown on the ASTM 
metallographic grain size chart. 

2. The magnification of the projected 
image shall be 75 xX. 

3. A grain size smaller than 0.100 mm 
shall be reported to the nearest 0.005 mm 
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and a grain size larger than 0.100 mm to 
the nearest 0.01 mm. 

4, Observations of grain size shall be 
indicated: 

(a) Eight specimens in each set at posi- 
tions indicated by scribed lines pro- 
jected on the center of the field of 
observation showing a definite posi- 
tion within the general locations on 
the drawing (Fig. 1). 

Seventeen specimens in each set at 
positions indicated on the proposed 
drawings (Fig. 2). 

5. Three determinations shall be made at 
each location indicated in 4(a) only, giving 
a maximum and minimum average grain 
size. The presence of any single grains that 
are abnormal in size shall be discounted, but 
if many are present in the various locations, 
their size, location, and dispersion shall be 
reported. 

Grain-size results on the 125 specimens 
were forwarded to the chairman of the 
special subcommittee for review. The chair- 
man forwarded the consolidated grain-size 
results to the Arsenal for review, correlation, 
and statistical analysis. This was done in 
order that the Arsenal might obtain advance 
information on what the results from all 
the laboratories had indicated. 

A study of the data on these first tests as 
returned from each of the cooperating 
laboratories indicated quite conclusively 
that the instructions as originally sent out 
had not been followed. After discussing 
these data with representative members of 
the cooperating laboratories, it was con- 
cluded that these data should be ignored, 
and a supplementary program be set up 
with very specific instructions in which 
only ten specimens would be investigated for 
a second round-robin test. These samples 
were designated as the FY series. 

For this second series of round-robin 
grain-size tests, the American Brass Co. 
supplied to the Arsenal ten samples of 
annealed brass of various grain sizes. These 
samples were presented as examples of what 
might be expected in cartridge brass as 
commercially made. 

The composition of the brass was as 
follows: 


(b 
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The material was cold-rolled from 0.170 
to 0.130 in. and then annealed for 30 min at 
temperatures between 425 to 850 C. 

These samples, designated as the Y series, 
were identified with a number and mounted 
in lucite (methylmethacrylate resin). About 
0.02 in. of the surface of the brass was re- 
moved by hand grinding on No. 1 polishing 
paper. Subsequently, the specimens were 
polished on emery papers of successive fine- 
ness in the same manner as the previous 
groups in the first series and given a final 
polish with levigated alumina. 

The specimens were etched with ammonia 
and hydrogen peroxide in the proportions of 
approximately 4:1. 

After etching, a circle was engraved on 
the surface of the samples. This circle was 
about 1.13 mm in diameter, so that at a 
magnification of 75 diameters an area of 
about 85 mm in diameter could be observed. 
The object of these circles was to have spot 
grain-size readings made of the crystals 
encircled by the engraving. 

Instructions to each of the participating 
laboratories required that the readings be 
made by the comparison method with the 
ASTM grain-size chart and that: 

(a) For grain sizes smaller than 0.035 
mm, the reading be recorded to the nearest 
0.001 mm. 

(6) For grain sizes between 0.035 mm and 
0.100 mm, the reading be recorded to the 
nearest 0.005 mm. 

(c) For grain sizes over 0.100 mm, the 
reading be recorded to the nearest 0.01 mm. 

Each laboratory was asked to employ 
not less than three operators, and each 
operator was required to make not less than 
three readings on each specimen, staggering 
the time of reading on individual specimens 
so that no two readings were made suc- 
cessively, the preferred way being to make 
the readings on succeeding days. 

Furthermore, each operator made read- 
ings at the same locations that were indi- 
cated, as stated before, by the circles 
inscribed on the etched specimens by the 
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Each reading, which was made by visual 
comparison, was taken on a projected area 
not less than 79.8 mm in diameter at 75 X. 
In addition, if they cared to, the cooperating 
laboratories could make the readings with 
the use of transparencies (lantern slides), and 
this was done by one particular producer 
who customarily made grain-size determina- 
tions by this method. However, when the 
latter method was used, the results were 
analyzed separately and were not included 
in the statistical analysis of the original 
consolidated test data required to be sent 
by the cooperating laboratories to the 
chairman of the special subcommittee for 
review and analysis. 

Each laboratory was provided with two 
different forms for recording the data. On 
the individual work sheet each operator 
recorded his average grain-size readings for 
each of the ten specimens. Since each opera- 
tor was required to make three separate 
determinations on the specimens, preferably 
on different days, his data were listed on 
three individual work sheets. 

The summary sheet listed the three de- 
terminations of each operator for each 
specimen, and also provided ample space 
for recording summation values, averages, 
standard deviations, and a description of 
the apparatus used. 

Readings were taken also by the intercept 
method by some laboratories, and they 
were studied in a separate statistical analysis 
for comparison. 

On the second group of ten samples 
(designated Y), the chairman appointed four 
different laboratories to make the statistical 
analysis. Representatives from General 
Electric Co., Chase Co., Bell Telephone 
Laboratories, and Frankford Arsenal con- 
stituted the staff of statisticians for making 
this study. 

At a meeting of the members of the staff 
of statisticians who were analyzing the con- 
solidated data on this series of grain-size 
tests, it was pointed out that practically 
every laboratory had again failed to follow 
instructions. The instructions required that 
on grain sizes less than 0.035 mm the esti- 
mation must be to the nearest 0.001 mm, 
for grain sizes over 0.035 mm to 0.100 mm, 
the reading should be to the nearest 0.005 


mm, and for grain sizes over 0.100 mm, the 
reading should be to the nearest 0.01 mm, 

It was decided at this meeting and agreed 
upon by all present to correct the readings 
in order to conform to the instructions, 
Furthermore, those figures which did not 
conform to the instructions should be 
rounded off. For instance, a reading like 
0.036 mm should be corrected to 0.035 mm 
and one of 0.038 mm should be rounded off 
to 0.040 mm. 

Most of the corrections were between 
0.035 and 0.100 mm, where the instructions 
prescribed that the reading be to the nearest 
0.005 mm, but actually the laboratories 
were estimating to the nearest 0.001 mm. 
Also, there were a few corrections on samples 
above 0.100 mm where the estimations were 
also to the nearest 0.005 mm. 

One of the laboratories not only sub- 
mitted grain-size results by the comparison 
method but also results of determinations by 
the intercept method. There was practically 
no difference in their results by either 
method; and it was the consensus that their 
intercept results should not be discarded. 

There was some question as to how to 
analyze the results on samples Nos. 9 and 
10 as there were no ASTM standards from 
which to estimate the grain sizes by com- 
parison. With the exception of Frankford 
Arsenal, none of the laboratories gave an 
explanation as to how they made their 
determinations on these two samples. Some 
laboratories reported a grain-size figure with 
plus or minus signs, but it was not clear to 
the members what significance these plus or 
minus signs had. The chairman was of the 
opinion that the subcommittee should know 
how the estimations were made on the last 
two samples, and he proposed to write a 
letter to all laboratories except Frankford 
Arsenal to obtain this information. 

It was concluded at this meeting that the 
analysis of the grain-size data should pro- 
ceed according to the following plan: 

1. Work up statistical data on specimens 
Nos. 1 to 8, inclusive, as corrected during 
the meeting. This applied only to data ob- 
tained from the comparison of actual speci- 
mens with the ASTM grain-size chart. 

2. Same procedure as in No. 1 above on 
data obtained from comparison of specimens 
with transparencies (lantern slides). These 
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data should not be included with those of 
No. 1 during analysis. 

3. Work up statistical data on specimens 
Nos. 1 to 10, inclusive, for laboratory No. 
9. These data were obtained by the intercept 
method and should not be included with 
those of Nos. 1 and 2 above. 

4, The chairman would make a check of 
all the laboratories to determine how the 
grain-size readings on specimens Nos. 9 and 
10 were obtained. The results of this investi- 
gation would be forwarded to those persons 
analyzing the data, to be treated in the 
following manner: 

(a) When the readings on specimens Nos. 

9 and 10 were made by the comparison 
method, proceed as in No. 1 above. 
(6) When the readings on specimens Nos. 
9 and 10 were made by comparison 
with transparencies, proceed as in No. 
2 above. 

(c) When the readings on specimens Nos. 
9 and 10 were made by the intercept 
method, proceed as in No. 3 above. 

At a later meeting held by the statistical 
staff in the spring of 1942, it was agreed that 
in addition to the analysis which was to be 
made on the Y series further information be 
obtained on comparison with the trans- 
parency method and the intercept method. 
The final steps proposed then were to: 

1. Omit data on specimens Nos. 9 and 
10 in the analysis of the comparison method 
without the use of transparencies. 

2. Analyze the data of results of grain 
size determined by the use of transparencies, 
but base the study on differences between 
operators only and not between laboratories. 
Data on specimens Nos. 9 and 10 would be 
omitted from the study. 

3. Analyze the results obtained by the 
intercept method and base the study on 
differences between laboratories Nos. 1, 6, 
and 9, and the difference between operators 
in laboratory No. 9 only. 

4. Study results obtained by the Jeffries 
method and base conclusions on the differ- 
ence between three laboratories (No. 2, No. 
6, and one unnamed laboratory). Readings 
between these laboratories would be based on 
results on the ten specimens using the fol- 
lowing magnifications: 

Nos. 1 to 5—At 75 X and 250 X in 

middle of inscribed circle. 
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Nos. 6, 7, and 8—At 75 xX only. 

Nos. 9 and 10—At 75 X and 25 x. For 
25 X inscribed circle will be in the 
center of the field. 

The statistical analysis of the consolidated 
data referred to above is contained in Ap- 
pendices B, C, D, and E of this report. 
Because of the mass of statistical data, it 
has been broken into five parts for ease of 
reference and is presented in the following 
order: 

(a) Direct comparison method. 

(6) Transparency method. 

(c) Intercept method. 

(d) Jeffries method. 

(e) Composite of (a) and (b) above. 

Information was requested from each of 
the participating laboratories in accordance 
with the decision made at the above men- 
tioned meeting of the statisticians. A sum- 
mary of the replies is presented herewith 
for purposes of information. 

From Laboratory No. 1—No reply, al- 
though in a letter, which was sent in with 
their original data, the following statement 
was made: 

“You will note we determined the 
grain size not only by the conventional 
method but also by use of a viewing box 
arrangement, using transparencies for 
standards, these transparencies being 
made up from the ASTM standard 
negative.” 

CuHatrMan’s Note.—From this it was as- 
sumed that for grain sizes over the maximum 
shown in ASTM Method E2 the values 
were an assumption on the part of the 
operator, as they had been in the case of 
practically all of the other laboratories. 

From Laboratory No. 2—‘We would 
suggest eliminating all the grain size readings 
on specimens Nos. 9 and 10. The operators 
A and B did not estimate the grain size 
because there was no standard to follow. 
Operator C did make notations indicating 
that the grain size on specimen No. 9 would 
be about 0.400 to 0.500 mm and on specimen 
No. 10 about 0.800 to 1.6 mm. It is not in 
accord with the Jeffries method to try to 
estimate grain size when there are such a 
small number of grains within the specified 
circle, namely, 79.8 mm.” 

From Laboratory No. 3—‘‘Would advise 
that the grain sizes exceeding 0.200 mm 
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reported by us were estimated by simple 
_ extrapolation from the series of standard 
micrographs, Plate 3, ASTM Designation 
E2-39T. So far as we were aware, no 
other method of estimation would have 
come within the rules of the experiment. 
No particular degree of accuracy was applied 
in the results as reported.” 
From Laboratory No. 4—“In going over 
our data, we find that in only one or two 
_ instances, with the exception of the last 
sample, have we reported grain sizes above 
0.220 mm. These figures above 0.200 were 
approximated in much the same manner 
that the figures between the Standard’s 
[E 2] figures were approximated. On the last 
sample, it was obvious that the grain size 
was much greater than was covered by our 
_ standards. We therefore did not attempt to 
make any determinations for grain size by 
a] the method which we have used, other than 
_ to indicate that the grain size was greater 
than 0.250 mm. We might perhaps have 
been more justified if we had reported them 
as 0.200 plus mm. In other words, we made 
no attempt to determine the grain size in 
the last sample because the method which 
we normally use does not permit this deter- 
mination. We believe there is only one way 
in which grain size determination could be 
made on such samples, and that is by reduc- 
ing the magnification used. There was 
nothing in our instructions to suggest the 
use of any other method than the standard 
method and, therefore, we did not make any 
attempt to determine these grain sizes. 
Personally, I believe that the last sample of 
the group should not have been included in 
the group and that your best procedure 
would be to drop consideration of it in view 


4 
Scope: 
This memorandum presents an analysis of 
the data obtained for eight of the ten series 
Y brass specimens by the direct comparison 
6 method for the determination of grain size. 
These data cover grain size determinations 
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of the probable confused data which you 
have for this sample.” 

From Laboratory No. 5—“I wish to ad- 
vise you that all of our grain sizes above 
200 [0.200 mm] were based on estimation. 
This estimation was rough and based on 
comparison of the largest ASTM grain size 
on the chart. This was necessary as there 
were no standard ASTM grain size charts 
available for comparison in these larger 
sizes.” 

From Laboratory No. 6—No further 
information required. 

From Laboratory No. 7—“The three 
operators responsible for the values sub- 
mitted by the Laboratory report that read- 
ings on specimens Nos. 9 and 10 were 
obtained only by visual comparison with 
the standard ASTM grain size chart E2- 
39 T, each operator using his best judgment 
of the comparative size of the grain shown 
in Plate J of this chart with those found in 
the two samples under observation. Since 
the values reported by the Laboratories did 
not indicate a range of variations by plus 
or minus signs, we are not now attempting 
to show what this range might be.” 

From Laboratory No. 8—“The values 
reported are estimations based on the com- 
parison of the grains shown versus the largest 
grains shown in the ASTM grain size chart 
E2-39 T.” 

From Laboratory No. 9—‘‘Our reason for 
not answering your previous letter was 
that we were under the impression that, as 
all the necessary data had been forwarded 
to you, it would not be necessary to answer 
your inquiry. If you will refer to the data 
which was sent to you, you will find that 
all of the information which you need was 


included with the original data.” . 7 


STATISTICAL ANALYSIS OF 1940 RESULTS FOR DIRECT COMPARISON 
METHOD 


for ten different specimens covering a range 
of about 0.030 to 0.700 mm for the average 
grain diameter secured by from three to five 
different operators at nine different labora- 
tories. This progress report describes the 
nature of the data and presents a statistical 
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analysis and summary of the results ob- 
tained for the first eight specimens. Results 
for specimens Nos. 9 and 10 having large 
grain sizes were so incomplete and varied 
that the subcommittee agreed to omit them 
from this progress report. 
Nature of Data: 7 

Data giving grain size in millimeters were 
obtained by the nine laboratories partici- 
pating in this study for the same ten differ- 
ent specimens prepared by the Frankford 
Arsenal. The area on each specimen was 
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TABLE I.—APPARATUS USED IN DETERMINATIONS OF GRAIN SIZE BY DIRECT 
COMPARISON METHOD. 


for any special readings obtained by other 
methods. Each set of measurements was 
recorded on a separate form by each opera- 
tor. Form No. 2, “Summary Sheet,” pro- 
vided for listing the three determinations of 
each operator for each specimen for a single 
method and provided space for describing 
the apparatus used in the method employed. 
Each laboratory filled out one of these forms 
for the results obtained by the direct com- 
parison method. Special readings obtained 
by a different method were listed on a second 
form. 


Diameter of 
t No. 1....| Microtar8 | 7 X 57.5 mm | Carbon are 85 mm ee 
1 No. 2 16 mm 5 X Hyper-| 1144 in. | Carbon are 4% in.| B & L Metallo- 
Achro- plane scope I.L.8. 
matic 
No. 3....| 16mm 5 xX 27 cm D-c are 85 mm 
No. 4....| 22.7 12.5 X Tungsten arc 115mm | Euscope ts 
No. 5....| 16 mm 5 x 30.5em | Tungsten fila~ | 85mm 
ment 
g No. 6....| B & L 22.7 | 12.5 x— GE-Hg vapor | 85mm | U-Scope 
mm 6 X B&L bulb 
S No. 7....| 16 mm 6 xX 21.8cm | D-care 83mm | Mag. 75 X, 4 
Zeiss Martens 
microscope 
t No. 8....| 35 mm 6x 43cm | Are 200mm | Leitz Micro- 
t 7 metallograph, _ 
type MM = 
No. 9....| 8.0 X— 5 X Huy. | 47.0cm | Carbon arc 163mm | Mag. 75XB& | 
0.20 N.A. L research 
metallographic 
equipment 


clearly scribed and explicit written instruc- 
tions describing the procedure by which the 
grain size was to be determined and re- 
corded accompanied the specimens. These 
instructions stated: 

“For grain sizes smaller than 0.035 mm, 

report to the nearest 0.001 mm. 

For grain sizes 0.035 to 0.100 mm inclu- 
sive, report to the nearest 0.005 mm. 
For grain sizes larger than 0.100 mm, 

report to the nearest 0.010 mm.” 

Two forms were furnished to provide a 
common system for recording the data. 
Form No. 1, ‘Individual Work Sheet,” was 
designed for use in taking each set of ten 
measurements by the direct comparison 
method by each operator and also provided 


method (ASTM Method E 2-39 T)? were 
submitted by all nine laboratories. Each 
laboratory is designated by a number, 1 to 
9, inclusive. Each operator at each labora- 
tory is designated by a letter, A, B, C, D, or 
E. The number of operators at each labora- __ 
tory varied from three to five, a total of 32 — 
operators reporting from the nine labora- — 
tories. 

Table I presents a summary of the de- 
scription of the apparatus used in the direct _ 
comparison method by each of the nine © 
laboratories. 


Control Analysis of Results: 
Following the steps outlined on Form 2, — 


Data based on the direct comparison 
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TABLE III.—SUMMARY OF AVERAGE AND STANDARD DEVIATION VALUES USED 
IN CONTROL ANALYSIS FOR EACH SPECIMEN BY LABORATORIES. 
Average Grain Diameter in Millimeters. 

Direct Comparison Method. 

Standard Deviation Standard Deviation Over-all 
Numb Within Individual Between Individual Standard 
of Oper of Ob- rators rators . Deviation 
ators | tions 
A » | Corrected, Corrected, ted, 
Specimen No. 1 
5 15 | 0.0279 | 0.00250 0.00212 
ae 3 9 | 0.0326 | 0.00143 0.00133 
OS ee 3 9 0.0378 | 0.00079 0.00208 
4 12 0.0324 | 0.00011 0.00044 
3 9 | 0.0370 | 0.00094 0.00312 
aa 5 15 0.0303 | 0.00047 0.00094 
4 3 9 0.0321 | 0.00215 0.00217 
a 3 9 0.0362 | 0.00125 0.00415 
ee 3 9 0.0383 0 0.00375 
32 96 0.0332 | 0.00109 | 0.00150 | 0.00209 | 0.00301 | 0.00271 | 0.00281 
Specimen No. 2 
_ ) ee 5 15 | 0.0358 | 0.00122 0.00152 0.00223 
_* 3 9 | 0.0422 | 0.00078 0.00209 0.00249 
|’ Se 3 9 0.0478 | 0.00215 0.00207 0.00310 - 
4 12 0.0400 0 0 0 
No. 5..... 3 9 | 0.0461 | 0.00079 0.00283 0.00314; 
SS 5 15 0.0410 | 0.00094 0.00133 0.00200 _ 
3 9 | 0.0417 | 0.00157 0.00135 0.00235 
cS 3 9 | 0.0444 | 0.00157 0.00209 0.00284 
No. 9..... 3 9. | 0.0461 | 0.00079 0.00119 0.00208 
32 96 | 0.0422 0.00146 | 0.00161 | 0.00216 | 0.00225 | 0.00234 
Specimen No. 3 
=r 5 15 0.0450 | 0.00172 0.00227 0.00316 
No. 2..... 3 9 0.0517 | 0.00236 0.00491 0.00577 
ee See 3 9 | 0.0539 | 0.00363 0.00208 0.00458 
Me, 4 12 | 0.0462 0 0.00216 0.00305 
He. &..... 3 9 0.0606 | 0.00208 | 0.00671 0.00761 wy 
No. 6... 5 | 15 | 0.058 | 0.00236 0.00618 0.00604; 
eae 3 9 0.0478 | 0.00236 0.00342 0.00414 a 
No. 8..... 3 9 0.0572 | 0.00314 0.00209 0.00478 
a 3 9 0.0544 | 0.00079 0.00343 0.00369 
32 96 | 0.0525 | 0.00203 | 0.00281 | 0.00378 | 0.00501 | 0.00497 | 0.00531 
Specimen No. 4 
{ 5 15 0.0563 | 0.00189 
3 9 0.0600 | 0.00204 
ee 3 9 0.0628 | 0.00451 
12 0.0562 | 0.00118 
a 3 9 0.0722 | 0.00078 
fa 5 15 0.0670 | 0.00377 
ee 3 9 0.0656 | 0.00314 
ae 3 9 0.0661 | 0.00123 
No. 9..... 3 9 0.0633 0 
32 96 | 0.0629 | 0.00215 | 0.00297 | 0.00444 | 0.00579 
(Continued on p. 188) 
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TABLE III.—Coneluded. 
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Standard Deviation Standard Deviation Over-all 
wn Within Individual Between Individual Standard 
Number!"o¢ Operators rators Deviation 
Laboratory |of Oper. Average, 
ators 
Gone Average, | Corrected, Corrected, Corrected, 
ow o'w % 
Specimen No. 5 
3 eee 5 15 | 0.0737 | 0.00330 0.00487 0.00605 
SS 3 9 0.0733 | 0.00292 0.00707 0.00745 
3 9 | 0.0811 | 0.00315 0.00208 0.00393 
No. 4..... 4 12 0.0725 | 0.00118 0.00449 0.00479 ~ 7 
No. 5..... 3 9 | 0.0894 | 0.00451 0.00079 0.00497 -_ ' 
5 15 | 0.0860 0.00094 0.00672 0.00688 
a 3 9 0.0756 ; 0.00596 0.00208 0.00724 
|. 3 9 | 0.0833 | 0.00314 0 0.00333 
3 9 0.0767 0 0.00471 
32 96 | 0.0790 | 0.00263 | 0.00363 | 0.00361 | 0.00468 | 0.00544 0.00598 
Specimen No. 6 
| ae 5 15 | 0.0943 | 0.00494 0.00465 0.00750 
er 3 9 | 0.0983 | 0.00157 0.00953 0.00972 
ee 3 9 | 0.1067 | 0.00314 0.00285 0.00471 
ee 4 12 | 0.0946 | 0.00238 0.00504 0.00566 
_* 3 9 | 0.1122 | 0.00701 0.00567 0.00916 
5 15 | 0.1033 0.00223 0.00606 0.00675 
) ae 3 9 | 0.1033 | 0.00596 0.00360 0.00782 
ae 3 9 0.0994 | 0.00215 0.00749 0.00797 
No. 9..... 3 9 | 0.1067 0 0.00471 0.00471 
32 96 | 0.1015 | 0.00335 | 0.00463 | 0.00552 | 0.00711 | 0.00715 | 0.00766 
Specimen No. 7 
5 15 | 0.146 | 0.00790 0.00854 0.0120 
er 3 9 | 0.154 0.00492 0.00850 0.0100 
3 9 0.153 | 0.00470 0.00942 0.0105 
ae 4 12 0.142 | 0.00589 0.00572 0.0145 
* 3 9 0.157 0.00881 0.00471 0.0115 4 
ss Ss 5 15 0.160 | 0.00818 0.01590 0.0200 >. 
3 9 | 0.166 0.00429 0.01750 0.0183 
_ = Sa 3 9 | 0.150 | 0.00314 0.00272 0.0047 
No. 9..... 3 9 | 0.150 0 0.00816 0.0082 
32 96 | 0.153 0.00542 | 0.00749 | 0.00893 | 0.0117 0.0121 0.0136 
Specimen No. 8 
cee 5 15 | 0.187 0.00911 0.0156 0.0192 
abate 3 9 | 0.184 | 0.00585 0.0129 0.0142 
Se 3 9 | 0.181 0.00567 0.0014 0.0099 
12 0.172 0.00440 0.0015 0.0014 
Baer 3 9 | 0.202 0.0126 0.0123 0.0187 
5 15 | 0.193 0.00894 0.0276 0.0289 
nae 3 9 | 0.196 0.00157 0.0063 0.0068 
hae are 3 9 0.174 0.00471 0.0068 0.0083 
becina 3 9 | 0.200 0 0 0 
32 96 0.188 | 0.00622 | 0.00859 | 0.00949 | 0.0122 | 0.0122 | 0.0145 
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“Summary Sheet,” average and standard 3 o@ control limits. A study of this table 
deviation values were determined for results indicates which laboratories are most con- __ 
from each operator and from all operators sistent with respect to average in comparison ~ 


DETERMINATION OF GRAIN SIZE 189 


TABLE IV.—NUMBER AND PERCENTAGE OF AVERAGE VALUES WITHIN 
CONTROL LIMITS. 
Eight Specimens, Nine Laboratories. 
Direct Comparison Method. 


Over-all Average Averages for Individual Operators 
Laboratory Within Control Within Control 
Limit Limits 
Above® | Below? | Above® | Below! visi 
Number | Per Cent Number} Percent — 

Sy Eee 0 6 2 25.0 5 0 23 17 42.5 
Sar 0 0 8 100.0 3 2 5 17 70.8 
(ere 2 0 6 75.0 3 8 0 16 66.7 
cS = 0 6 2 25.0 4 0 11 21 65.6 
St are 7 0 1 12.5 3 13 0 11 45.8 
ee 2 1 5 62.5 5 14 5 21 52.5 

|) == 1 0 7 87.5 3 1 2 21 87.5 7 
> Sa 1 1 6 75.0 3 5 1 18 75.0 
ee 3 0 5 62.5 3 8 1 15 62.5 
16 14 42 58.3 32 51 48 157 61.3 


* Denotes that average value is greater than upper 3 ¢ control limits. 
> Denotes that average value is less than lower 3 ¢ control limits. 


combined for each specimen. Using the TABLE V.—RANKING OF LABORA- 
average value for each operator, the varia- TORIES WITH RESPECT TO CONTROL 


° BASED ON EXPECTED VALUES FOR ALL 
tion between operators at a single labora- | 4 RORATORIES. 


tory was determined as a standard deviation 
(c), the root mean square deviation for Direct Comparison Method. 
averages. Table II summarizes these results. 


This table also includes average values of = 5 f 
the standard deviation between operators, Rank | Indi- Final Ranking 
used to determine control limits. These Laboratory | ot 

results are tabulated for each specimen, a a on 
and all values outside the 3 o control limits ages Rank | ‘story 
are designated as a (above) and b (below). 

Table III lists the average value for each No. 1..... 7.5 9 | 16.5] 1 7 
specimen determined at each laboratory and No. 2..... 1 3 4.0| 2 L 
the standard deviation values used for _ 3... | 3.5) 4 7.5) 3 4 

7.5 5 12.5 | 4 3 
control analyses. Any of these average No5. 9 8 |17.0| 5 9 
values outside its 3 o control limits is desig- No.6..... 5.5 7 | 12.8) 6.5 4 
nated as a (above) and b (below). These No.7..... 2 1 3.0 | 6.5 6 
II, indicate in tabular form similar results era i 


to those indicated by the use of control , 

charts for averages. with expected values for all laboratories 
Table IV presents a summary of the combined. 

consistency of the results for the labora- 

tories as compared with the over-all results. 

These findings are presented in terms of the The results for control and the average 

number and percentage values outside the and standard deviation values obtained in 


Analysis of Results by Ranking: 
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this study may be simplified by means of 
ordering the laboratories. This is termed the 
method of ranking. The percentage values 
in Table IV of the preceding section for 
over-all average values and _ individual 
operator’s average values that were found 
to be within the 3 o control limits may be 
used to rank the laboratories as indicated 
in Table V. Where two laboratories have 
the same percentage values, the average of 
_ the two ranks are used for each laboratory. 
Using average and over-all standard de- 

_ Vinton values for the eight specimens and 
using rank 1 for the smallest value in both 
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operator C of laboratory No. 5 reads high 
consistently, while operator B of laboratory 
No. 1 reads low consistently. A study of these 
results indicates that there is wide variation 
between the operators at a single laboratory 
for specimens Nos. 7 and 8, whereas the vari- 
ation between operators at a single labora- 
tory is much smaller for the other six speci- 
mens. This may be due to the fact that the 
average grain sizes for specimens Nos. 7 and 
8 are much larger and that, under the instruc- 
tions, values are recorded only to the nearest 
0.010 mm for grain sizes larger than 0.100 
mm. 


TABLE VI.—RANKING OF LABORATORIES WITH RESPECT TO OVER-ALL AVERAGE 
AND OVER-ALL STANDARD DEVIATION VALUES. 


Results for Eight Specimens and for All Specimens Combined. 
Average Grain Diameter. 
Direct Comparison Method. 


Speci- | Speci- | Speci- | Speci- | Speci- | Speci- | Speci- | Speci- Senet 
Final Ranking 
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | No.7 | No.8 | Ranks |" 
Laboratory Labora. 
Xle 
Bin cons | 66] 55 6 |8/1 
41 | 44| 71616 
No. 6] 24); 


Nore.—1 denotes smallest value, . 


= ‘nstances, the laboratories may be ranked as 
indicated in Table VI. This shows which 
aboratory on the average tends to record 
the smallest values and also which labora- 
tory tends to have smaller over-all standard 
deviation values—that is, less variability 

_ with respect to all values on the average. 
Determinations were made by 32 different 
- operators at the nine laboratories. Their 
average values have been ranked in order 
giving 1 to the smallest value and 32 to the 
_ largest value. Table VII presents a summary 
_ of results for the individual operators. Where 
_ average values were the same for several 
_ operators, the average of the ranks involved 

were assigned to each operator. 

The results on Table VII indicate that 


.. 9 denotes largest value. 


Analysis of Distributions and Variations of 

Results: 

Distributions of the actual observations 
for each of the nine laboratories and for all 
laboratories combined for each of the eight 
specimens are presented on Fig. 3. 

For specimens Nos. 1, 2, and 6, Figs. 3 
and 4 give observations for the actual cell 
widths required to be used under the in- 
structions noted in the section on Nature of 
Data. Distributions using equal cell widths 
are given by the dotted lines on the two 
figures so that it is possible to visualize the 
nature of the distributions. These charts 
indicate the nature of the distributions for 
each laboratory and further substantiate 
the findings of this study. 
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Although the analysis by the control 
chart method indicated lack of control so 
that the conditions under which the method 
by analysis of variances may be applied 
are not satisfied, the data were analyzed by 
this method. For each specimen a test was 


TABLE VII.—RANKING OF OPERATORS AND LABORATORIES WITH RESPECT TO 
AVERAGE VALUES OBTAINED BY EACH OPERATOR 


Results for Eight Specimens and for All Specimens Cul’, 
Average Grain Diameter. 
Direct Comparison Method. 


Ay 
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based on the criteria P = 0.01 and P = 0.05. 
A summary of these results is given in Table 
VHI. Table IX presents values of the vari- 
ance on which the results in Table VIII 
were based. The standard procedure for 
analysis of variance was used, where m and 


Speci- - |Speci- |Speci- |Speci- i- - ci- 
No. 1 | No. 2 | No. 3| No. 4| No. 5 | No. 6| No. 7| No. 8 Resk Oper- |Labora- 
ator tory 

nr 2 5 9.5) 13.5) 15.5) 15 10 8.5) 79 8 1 1B 1 
ae 3 1 1 1 2.5) 2 20.5) 2 33 1 2 2A 4 
_ eee 1 2.5) 5.5) 5 5 3.5) 4 29.5) 56 3 3 1C 2 
[a 7.5) 2.5) 9.5) 7 15.5) 15 24 25.5) 106.5 10 4 4A 7 
ee 7.5) 4 5.5) 7 9 7 1.5) 20.5) 62 6 5 4B 6 
Dhescesen 21 10 5.5) 2.5) 1 1 10 3.5) 54.5 2 6 1E 8 
ee | 24.5) 17.5) 16 15.5) 12 29 18.5) 144 18 7 4D 3 
a 20 16.5) 24.5) 24 15.5) 27.5) 16 22 166 24 8 1A 9 
Ee 23.5) 24.5) 15.5) 10.5) 24.5) 18 10 12 138.5 16 9 4C 5 
Ree 29.5) 31.5) 24.5) 27 15.5) 27.5) 29 12 196.5 29 10 1D 
Pe 26.5) 29.5) 17.5) 10.5) 22 22 10 14.5) 152.5 20 11 7A 
a 14.5) 10 5.5) 10.5) 6.5) 3.5) 1.5) 5.5) 57.5 4 12 6B 

_ 14.5) 10 5.5) 2.5) 2.5) 7 10 8.5) 60.5 5 13 6D 
a fF 10 13.5) 13.5) 11.5) 18 10 8.5) 104 9 14 9A 
awe SF 5.5) 4 9 5 6 5.5) 62.5 7 15 6A 
aa 26.5) 20 24.5) 30 30 27.5) 20.5) 29.5) 208.5 31 16 3A 
ae 17.5) 24.5) 20.5) 19.5) 30 22 20.5) 16.5) 171 25 17 7C 
isccaas 29.5) 31.5) 32 32 27.5) 32 27 31 242.5 32 18 2B 
eer 7.5) 16.5) 11.5) 7 20 9.5) 31 32 135 15 19 8A 

Dip aieaded 7.5) 10 20.5) 16 11.5) 27.5) 16 12 121 12 20 3C 
esascne 12 20 29 28.5) 32 18 29 18.5) 187 28 21 7B 

in eae'a 7.5) 10 31 31 27.5) 12 4 1 124 13 22 8C 
cacamen 7.5) 10 30 28.5) 30 27.5) 24 20.5) 178 26 23 8B 
a 4 10 11.5) 16 6.5) 22 16 25.5) 111.5 11 24 2C 
ASS 23.5) 16.5) 2 24 9 20 32 25.5) 152.5 21 25 5B 
re 14.5) 20 15.5) 24 15.5) 12 24 16.5) 142 17 26 6E 

23.5) 16.5) 20.5) 24 24.5) 7 20.5) 8.5) 145 19 27 9B 

_ ae 14.5) 24.5) 24.5) 19.5) 24.5) 27.5) 16 14.5) 165.5 23 28 6C 

_ Sa 32 29.5) 28 24 24.5) 9.5) 10 3.5) 161 22 29 3B 
ae 29.5) 24.5) 13.5) 10.5) 4 15 f 25.5) 126.5 14 30 9C 

ee 29.5) 24.5) 20.5) 19.5) 20 27.5) 16 25.5) 183 27 31 5A 

_ Shee 23.5) 28 27 19.5) 20 27.5) 26 25.5) 197 30 32 5C 


Nore.—1 denotes smallest value, . . 


made to determine whether a significant 
difference was indicated between the vari- 
ance between laboratories and the variance 
within laboratories based on the criteria 
P = 0.01 and P = 0.05. A similar test was 
made for each laboratory to determine 
whether a significant difference was indi- 
cated between the variance between opera- 
tors and the variance within an operator 


. 32 denotes largest value. 


m2 values in terms of number of degrees of 
freedom were tabulated in each computation, 
and a z value was found and compared with 
the z values for P = 0.01 and P = 0.05, 
read from Table VI of R. A. Fisher’s “Statis- 
tical Methods for Research Workers.” 

A study was made of the contribution of 
the three variations, 
1. Variation within single operator, 
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Variation 


Specimen | 


Specimen 3 


Specimen 4 


Specimen 5 
Specimen 6 


Specimen 7 


Operator 


Operotors 


Between Laboratories 


— 


KRW 


Average Grain Diameter. 


Direct Comparison Method. 


TABLE VIII—SUMMARY OF ANALYSIS OF VARIANCE RESULTS. 


Per Cent 
7 .? 10 20 30 40 50 60 70 90 100 
Within an Between 


Fic. 4.—Contribution of Component Factors to Over-all Variation in the Direct Comparison 
Method. Average grain diameter; eight specimens, nine laboratories. 


Difference, P = 0.0) 


Variance Between 


erence, 


Variance Wile 


No. 2|No. 3|No. 4 


No. 5|No. 6|/No. 7 


No. 8 


No. 1|No. 2 


No. 3/No. 4|No. 5|No. 6 


No. 7|No. 8 


ba Between Operators at a Singl 


Significant Difference, P = 


0.05 


Variance Within Individual Operators— 


No. 1 


No. 2 


cant Difference, P = 0.01 
No. 3|No. 4/No. 5|No. 6|No. 7|No. 8 

° x ° ° ° 
x x x 
° x x 
x x x x ° ° 
x x ° 
x ° x x ° x 
° x x 
x x x x x ° 


No. 1 


No. 2 


No. 3 


No. 4|No. 5|No. 6 


HOKMMMHOKO 


HOOMMHOKM 
OM 
OHM OMO 


No. 7 


No. 8 


CuMMHOOMMM 


x denotes significant difference. 
o denotes no significant difference. 
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TABLE X.—OVER-ALL VARIATION FOR ALL NINE LABORATORIES. 
Average Grain Diameter. 
Direct Comparison Method. 


Contribu- Contribu- 
Standard tion to Standard tion to 
‘ Variation Deviation, | Variance, » Total Deviation, | Variance, 9 Total 
o Deviation, o Deviation, 
per cent per cent 
Specimen No. 1 Specimen No. 2 
Within single operator. ..... 0.0018042) 0.000003 15.8 | 0.001634 | 0.000003 13.9 
_ Between operators.......... 0.0021902) 0.000005 23.4 | 0.001737 | 0.000003 15.7 
Between laboratories........ 0.0035341} 0.000012 60.8 | 0.003676 | 0.000014 70.4 
- ees 0.00454 | 0.000021 100.0 | 0.004380 | 0.000019 100.0 
Specimen No. 3 Specimen No. 4 
_ Within single operator. . ....| 0.002972 | 0.000009 15.6 | 0.002940 | 0.000009 15.5 
Between operators.......... 0.004163 | 0.000017 30.5 | 0.004628 | 0.000021 38.4 
Between laboratories........ 0.005529 | 0.000031 53.9 | 0.005072 | 0.000026 46.1 
REP ee 0.007532 | 0.000057 100.0 | 0.007469 | 0.000056 100.0 
Specmmen No. 5 Specimen No. 6 
Within single operator. ..... 0.003544 | 0.000013 18.4 0.004449 | 0.000020 23.3 
Between operators.......... 0.004552 | 0.000021 30.4 | 0.005818 | 0.000034 39.8 
Between laboratories........ 0.005908 | 0.000035 51.2 | 0.005605 | 0.000031 36.9 
0.008257 | 0.000068 100.0 | 0.009223 | 0.000085 100.0 
Specimen No. 7 Specimen No. 8 
Within single operator. ..... 0.008504 | 0.000072 32.0 | 0.008529 | 0.000073 19.4 
Between operators.......... 0.010359 | 0.000107 47.4 | 0.014072 | 0.000198 52.9 
Between laboratories....... . 0.006828 | 0.000047 20.6 0.010183 | 0.000104 27.7 
0.015041 | 0.000226 100.0 | 0.019351 | 0.000374 100.0 


TABLE XI.—APPARATUS USED IN DETERMINATIONS OF GRAIN SIZE BY 
TRANSPARENCY METHOD. 


Laboratory | Objective | Ocular | | ,Fource of ||, Diameter of || Additional Information 
7 No. 1.....| Achromatic 8 xX | Carbon 85 mm Viewing box with 
18 n.a.— arc standard transpar- 

0.30 encies made from 

ASTM negatives 
a 22.7 mm 12.5 X| 83g in. to | Carbon | 244 by 344 | Grain size compara- 
screen arc in. tor with transpar- 
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2. Variation between operators, and 

3. Variation between laboratories, 
to the total variation for each specimen for 
results obtained by the direct comparison 
method. Figure 4 and Table X give a sum- 
mary of these results. 


4 DETERMINATION 


OF GRAIN SIZE 


It is apparent that for specimens Nos. 1 
to 5, inclusive, the variation between labo- 
ratories is the largest contributing factor to 
the over-all variation. For specimens Nos. 
6, 7, and 8 the variation between operators 
is the largest contributing factor to the 
over-all variation. 


APPENDIX C 


STATISTICAL ANALYSIS OF 1940 RESULTS FOR TRANSPARENCY METHOD 


Scope: 


This memorandum presents an analysis 
of the data obtained for eight of the ten 
series Y brass specimens by the transparency 
method for the determination of grain size 
by laboratories Nos. 1 and 2. This progress 
report gives a statistical analysis and sum- 
mary of these results. Results for specimens 
Nos. 9 and 10 having large grain sizes are 
omitted in accordance with the recommenda- 
tions of the subcommittee. 


Nature of Data: 


The section on Nature of Data in Ap- 
pendix B describes the procedure, instruc- 
tions, and forms used in obtaining the test 
results. Data based on the transparency 
method were submitted by only two labora- 
tories. Table XI presents a description of the 
apparatus used by these two laboratories. 


Control Analysis of Results: 


Following the steps outlined on Form No. 
2, “Summary Sheet,” submitted by each of 
the two laboratories, average and standard 
deviation values were computed for the 
determinations of grain size by each opera- 
tor, and for all operators combined, for each 
of the specimens. Using the average value 
for each operator, the variation between 
operators at a single laboratory was deter- 
mined as a standard deviation (c), the root 
mean square deviation for averages. Table 
XII summarizes these results. This table also 
includes average values of the standard 
deviation between operators, used to deter- 
mine control limits. These results are tabu- 
lated for each of the first eight specimens. 


All values outside the 3 o control limits are 
designated as a (above) and b (below). 

Table XIII lists the average value for each 
specimen determined at each of the two 
laboratories and the standard deviation 
values used for control analyses. No one of 
these average values was found to be outside 
its 3 o control limits. These results, together 
with those given in Table XII, indicate in 
tabular form similar results to those indi- 
cated by control charts for average values. 

Table XIV presents a summary of the con- 
sistency of the results for the two labora- 
tories compared with the over-all results. 
These findings are presented in terms of the 
number and percentage of values outside 
the 3 ¢ control limits. Since only two labora- 
tories submitted data for the transparency 
method, these results reflect only the degree 
of control that was maintained by the eight 
operators at these laboratories. 


Analysis of Results by Ranking: 


The average and standard deviation 
values obtained in this study for each opera- 
tor may be simplified by means of ordering 
the operators. This is termed the method of 
ranking. Since true values are not known 
for the average grain size of each specimen, 
rank 1 is assigned arbitrarily to the smallest 
value and rank 8 to the largest value deter- 
mined by the eight operators. Similarly rank 
1 is assigned to the smallest standard devia- 
tion value and rank 8 to the largest standard 
deviation value, measuring the variation 
between repetitive determinations by the 
same operator (designated herein as the 
variation within an operator, ow). Table XV 
presents a summary of these values and 
ranks the two laboratories with respect to 
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TABLE XIII.—SUMMARY OF AVERAGE AND STANDARD DEVIATION VALUES USED 
IN CONTROL ANALYSIS FOR EACH SPECIMEN BY LABORATORIES. 


Average Grain Diameter in Millimeters. 
Transparency Method. 


Standard Deviation Standard Deviation —— 
Laboratory | of verage, 
erators | Serva- |X 
Specimen No. 1 
Riek 2 15 | 0.0305 | 0.00121 0.00150 0.00206 
Tita: @ 9 | 0.0306 | 0.00169 0.00129 0.00195 
; 8 24 | 0.0305 | 0.00139 | 0.00192 | 0.00140 | 0.00178 | 0.00201 | 0.00216 
Specimen No. 2 
> 5 15 | 0.0410 | 0.00189 | 0.00171 0.00271 
ee 3 9 | 0.0394 | 0.00157 0.00247 0.00284 
8 24 | 0.0404 | 0.00177 | 0.00244 | 0.00209 | 0.00272 | 0.00278 | 0.00276 
Specimen No. 3 
5 15 | 0.0500 | 0.00470 0.00471 0.00707 
oe 3 9 | 0.0460 | 0.00334 0.00350 0.00537 
8 24 | 0.0485 | 0.00419 | 0.00579 | 0.00411 | 0.00522 | 0.00622 | 0.00686 
Specimen No. 4 
a 5 15 | 0.0567 | 0.00622 0.00548 0.00869 
3 9 | 0.0522 | 0.00293 0.00377 0.00485 
8 24 | 0.0550 | 0.00499 | 0.00689 | 0.00463 | 0.00586 | 0.00677 | 0.00771 
Specimen No. 5 
re 5 15 | 0.0733 | 0.00386 0.00675 0.00767 
_ . 3 9 | 0.0722 | 0.00319 0.00684 0.00749 
: 8 24 | 0.0729 | 0.00340 | 0.00469 | 0.00680 | 0.00874 | 0.00758 | 0.00807 
Specimen No. 6 
No. 1.. 5 15 | 0.105 | 0.00722 0.00527 0.00966 
ae 3 9 | 0.093 | 0.00308 0.00486 0.00568 
d 8 24 | 0.101 0.00567 | 0.00783 | 0.00506 | 0.00649 | 0.00767 | 0.00869 
Specimen No. 7 
a 5 15 | 0.172 | 0.00973 0.0191 0.0217 
|. aoe 3 9 | 0.153 | 0.00424 0.00614 0.00667 
8 24 | 0.165 | 0.00768 | 0.0106 | 0.0126 | 0.0156 | 0.0141 0.0170 
Specimen No. 8 
5 15 | 0.201 0.0138 0.01480 0.02090 
a 3 9 | 0.174 | 0.00483 0.00757 0.00831 
24 0.0104 0.0112 
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DETERMINATION 


these two statistics. Where average or stand- 
WITHIN CONTROL LIMITS. ard deviation values were the same for 
Ej a , several operators, the average of the ranks 
Sight Specimens, Two Laboratories. 
Average Grain Diameter. involved were assigned to each operator. 
Transparency Method. 
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Analysis of Distributions and Variations of 


Averages for Individual Operators Results: 

Laboratory |itunaher Within Control Distributions of the actual observations 
ott. | Above*| Below? <aate for each of the two laboratories and for the 
aes two laboratories combined for each of the 

No. |Percent 


eight specimens are presented in Fig. 5. 
For all specimens the charts give observa- 


tions for the actual cell widths required to 
- - - — |—— __ be used under the instructions noted in 
8 2 3 60 | 92.1 Nature of Data, Appendix B. Distribu- 


° " 3 tions using equal cell widths are given by | 
eure ae — value is greater than the dotted lines for specimens Nos. 1 and 6 

* Denotes that average value is less than 0 that it is possible to visualize the nature — 
lower 3 o control limits. of the distributions. These charts indicate 


TABLE XV.—RANKING OF OPERATORS AND LABORATORIES WITH RESPECT TO 
AVERAGE AND STANDARD DEVIATION VALUES OBTAINED FOR EACH 
OPERATOR. 


Results for Eight Specimens and for All Eight Specimens Combined. 
Average Grain Diameter. 
Transparency Method. 


Speci- | Speci- | Speci- | Speci- | Speci- | Speci- | Speci- | Speci- Sum of | Total 
Operator men | men | men | men | men | men | men | men | p Rank 
No. 1 | No. 2 | No. 3 | No. 4| No. 5 | No. 6| No. 7 | No. 8 Oper- | Labora- 
Rank tory 
AvEeRAGES, X 

Dicnconns 2.5/1 8 8 4.5|7 6 6 3.5 | 45.5 | 6.5 1 2A 2 
Rees 2.5 | 3.6 | 2 1 1 5 8 8 31 3 2 2B 1 
ae 6 6 5.5 | 6.5 | 4.5 | 7 3 7 45.5 | 6.5 3 1B 
See 8 6 7 8 7 8 7 5 56 8 4 1E 

2.5 | 2 4 6.5 | 3 5 6 33 4 5 2C 
Bcstaasde 7 1 1 2 2 1 1 1 11 1 6.5 1A 

2.5 | 3.5 | 3 3 4.5 | 2.5| 4 3.5 | 26.5 | 2 6.5 1C 
5 6 5.5 | 4.5 | 7 2.5 | 2 2 34.5 | 5 8 1D 
STanDARD DEVIATIONS, ow 

| aneee 3 6.5 | 2 7 6 4.5|6 7 42 6 1 2B 2 
_ 3 eae oe 2 6 5 8 30 3 2 2A 1 
8 6.5 | 5 4.5/8 7 3 2.5 | 44.5 | 7 3 1B 
1 6.5 | 8 8 6 8 7.5 | 6 51 8 4 2C 
RR 3 6.5 | 6 6 2 3 7.61) 5 39 5 5 1E 
5 3.5 | 3.5 | 2.5 | 4 1.5 | 2 1 23 2 6 1A 
7 1.5] 1 2.5 | 2 4.5/1 2.5 | 22 1 7 1C 

6 3.5 | 7 4.5 | 6 1.5|4 36.5 | 4 8 1D 


Note.—The results in the table indicate that operators 2A, 2B, and 1B obtained consistently 
smaller values for grain size diameter and also had smaller variations between repeat measurements 
than did the other five operators. 
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Report OF CoMMITTEE B-5 (AppENprx II) 


TABLE XVI.—SUMMARY OF ANALYSIS OF VARIANCE RESULTS. _ 7 


Average Grain Diameter. 


Transparency Method. 


Variance Between Operators at a Single Variance Within Individual Operators at a Sin- 
tory—Significant Difference, P = 0.01 |gle Laboratory—Significant Difference, P = 0.05 
Specimen...........]No. 1/No. 2/No. 3|No. 4|No. 5|No. 6|No. 7|No. 8|No. 1|No. No. 3\No. 4/No. 5|No. 6|No. 7|No. 8 
Laboratory: 
Norte. 


x denotes significant difference. 
o denotes no significant difference. 


TABLE XVII.—VARIANCE VALUES UPON WHICH RESULTS IN TABLE XVI ARE 


BASED. 
Transparency Method. 
Laboratory] Variance | | Specimen | Specimen | Specimen | Specimen | Specimen | Specimen | Specimen 
No. 1 Between 
oper- 
ators 
Within .000068|0 .000020 .000098/0 .000155)0 . 000327 
oper- 
ator 
| 
Between /|0.000007 0.000019/0.000053 0.000036/0 
oper- 
ators 
Within 0.000003 '0 .000006/0 .000029/0 .000023 0.000014 0.000017/0 .000022 0.000033 
oper- 
ator | | 


Average Grain Diameter. 
Transparency Method. 


TABLE XVIII.—OVER-ALL VARIATION FOR EACH LABORATORY SHOWING 
CONTRIBUTION OF VARIATION WITHIN AND VARIATION BETWEEN 
OPERATORS TO OVER-ALL VARIATION. 


Contribu- 


Contribu- 


Standard tion to Standard tion To 
Variation Deviation, Variance, » Total Deviation, Variance, » Total 
o Variation, ¢ Variation, 
per cent per cent 
Specimen No. 1 Specimen No. 2 
LasoraTory No. 1 
Within single operator) 0.00167 | 0.0000027889 46.8 0.00261 | 0.0000068121 62.3 
Between operators....| 0.00178 | 0.0000031684 53.2 0.00203 | 0.0000041209 37.7 
0.00244 | 0.0000059573 100.0 0.00330 | 0.0000109330 100.0 


4: 
208 
Withi 
Betwe 
3 Tot 
Withi 
Betw 
Tot 
: 
Withi 
Betw 
‘ 
Tot 
= 
Withi 
Betw 
To 
= 
With 
Betw 
> 
Betw 
tw 


a DETERMINATION OF GRAIN SIZE 209 
TABLE XVIII.—Concluded. 
Contribu- ibu- 
Standard tion to Standard my 
Variation Deviation, Variance, 9 Total Deviation, Variance, 2 Total 
o o Variation, 
per cent per cent 
Laporatory No. 2 
Within single operator) 0.00234 | 0.0000054756 63.3 | 0.00217 | 0.0000047089 28.8 
Between operators....| 0.00178 | 0.0000031684 36.7 | 0.00341 | 0.0000116281 71.3 
0.00294 | 0.0000086440 100.0 0.00404 | 0.0000163370 100.0 
Specimen No. 3 Specimen No. 4 
Lasoratory No. 1 
Within single operator] 0.00650 | 0.0000422500 57.4 | 0.00860 | 0.0000739600 63.5 
Between operators... .} 0.00560 | 0.0000313600 42.6 | 0.00652 | 0.0000425104 36.5 
ES 0.00858 | 0.0000736100 | 100.0 | 0.01079 | 0.0001164704 | 100.0 
LasoraTory No. 2 
Within single operator) 0.00462 | 0.0000213444 47.7 | 0.00405 | 0.0000164025 37.7 
Between operators....| 0.00484 | 0.0000234256 52.3 0.00521 | 0.0000271441 62.3 
0.00669 | 0.0000447700 | 100.0 | 0.00660 | 0.0000435466 | 100.0 
Specimen No. 5 Specimen No. 6 
Lazoratory No. 1 
Within single operator) 0.00533 | 0.0000284089 30.6 0.00998 | 0.0000996004 rt 
Between operators... .} 0.00803 | 0.0000644809 69.4 0.00627 | 0.0000393129 28.3 
0.00964 | 0.0000928898 | 100.0 | 0.01179 | 0.0001389133 | 100.0 
LasoraTory No. 2 
Within single operator) 0.00441 | 0.0000194481 17.9 0.00426 | 0.0000181476 28.7 
Between operators... .! 0.00945 | 0.0000893025 82.1 0.00672 | 0.0000451584 71.3 
0.01043 | 0.0001087506 | 100.0 | 0.00796 | 0.0000633060 | 100.0 
Specimen No. 7 Specimen No. 8 
LasoraTory No. 1 
Within single operator) 0.01345 | 0.0001809025 26.0 0.01907 | 0.0003636649 54.0 
Between operators... .| 0.02272 | 0.0005161984 74.0 0.01760 | 0.0003097600 46.0 
0.02640 | 0.0006971009 100.0 0.02595 | 0.0006734249 100.0 
LasoraTory No. 2 
Within single operator) 0.00586 | 0.0000343396 32.3 0.00668 | 0.0000446224 29.0 
Between operators... .| 0.00849 | 0.0000720801 67.7 0.01046 | 0.0001094116 71.0 
0.0001064197 0.01241 | 0.0001540340 
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TABLE XX.—SUMMARY OF AVERAGE AND STANDARD DEVIATION VALUES USED 
IN CONTROL ANALYSIS FOR EACH SPECIMEN BY LABORATORIES. 


Average Grain Diameter in Millimeters. 


212 Report OF CoMMITTEE B-5 (APPENDIX II) 


Intercept Method. 


Standard Deviation Standard Deviation Over-all 
Within Individual Between Individual Standard 
Operators Operators Deviation 
Laboratory 
No. 1 
No. 
No. 0.00309 0.00683 0.00721 
No. 0.00094 0.00113 0.00147 
0.00228 | 0.00315 | 0.00469 | 0.00484 | 0.00434 | 0.00535 
Specimen No. 2 
No. 
No. 0.00290 0.00628 0.00746 
No. 0.00094 0.00082 0.00141 
0.00217 | 0.00300 | 0.00423 | 0.00430 | 0.00444 | 0.00549 
Specimen No. 3 
No. 
No. 0.00317 0.00657 0.00738 
No. 0.00173 0.00196 0.00262 
0.00263 | 0.00364 | 0.00484 | 0.00526 | 0.00500 | 0.00594 
Specimen No. 4 
0.00470 0.01150 0.0126 
0.00280 0.00330 0.00437 
0.00399 | 0.00551 | 0.00842 | 0.00912 | 0.0848 | 0.0101 
Specimen No. 5 
No. 1 | | 
No. 15 0.00419 | 0.0156 0.0163 
No. 9 0.00126 0.00288 0.00327 
25 0.00309 | 0.00427 | 0.0108 | 0.0113 | 0.00978 | 0.0121 
Specimen No. 6 
0.00602 0.0230 0.0109 
0.00314 0.00314 0.00431 
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DETERMINATION OF GRAIN SIZE 


TABLE XX.—Concluded. 


Standard Deviation Standard Deviation Over-all 
Number Within Individual Between Individual Standard 
a. of Ob- Average, rators rators Deviation 
ators 
tions 
Average, | Corrected, Corrected, Corrected, 
Specimen No. 7 
Os ee 5 15 | 0.157 | 0.0128 0.0167 0.0214 
3 9 | 0.164 0 0.0105 0.0105 
9 25 | 0.159 | 0.00800 | 0.0110 | 0.0144 | 0.0172 | 0.0160 | 0.0184 
Specimen No. 8 
Me. 6... 5 15 | 0.200 | 0.0139 0.0261 0.0304 
| ee 3 9 | 0.211 0.00692 0.00601 0.0104 
9 25 | 0.203 | 0.0113 | 0.0158 | 0.0186 | 0.0197 | 0.0204 | 0.0243 
Specimen No. 9 
We snot 5 15 | 0.359 | 0.0338 0.0226 0.00579 
a 3 9 | 0.302 0 0.0184 0.0184 
9 25 | 0.335 | 0.00423 | 0.00584 | 0.0210 | 0.0262 | 0.0121 0.0114 
Specimen No. 10 
a 5 15 | 0.608 | 0.0758 0.0898 0.125 
No. 9 3 9 | 0.420 0 0 0 
9 25 | 0.536 | 0.00948 | 0.0131 0.0561 | 0.0534 | 0.0625 | 0.0823 


the nature of the distributions for each labo- 
ratory and further substantiate the findings 
of this study. 

The data were also analyzed using the 
analysis of variances method. For each 
specimen a test was made to determine 
whether a significant difference was indi- 
cated between the variance between opera- 
tors and the variance within an operator 
based on the criteria P = 0.01 and P = 0.05. 
A summary of these results is given in 
Table XVI. 

Table XVII presents values of the variance 
on which the results in Table XVI were based. 


The standard procedure for analysis of vari- 
ance was used, where m and m2 values in 
terms of number of degrees of freedom were 
tabulated in each computation; a z value 
was found and compared with the z values 
for P = 0.01 and P = 0.05 read from 
Table VI of R. A. Fisher’s ‘Statistical 
Methods for Research Workers.” 

A study was made of the contribution of 
the two variations—variation within a 
single operator and variation between 
operators—to the total variation for each 
specimen at each of the two laboratories. 
Table XVIII givesa summary of these results. 


A 
= 
= 


—— 


Scope: 


This memorandum presents an analysis of 
the data obtained for the ten series Y brass 
specimens by the intercept method for the 
determination of grain size by laboratories 

Nos. 1, 6, and 9. This progress report gives 
* statistical analysis and summary of these 
results. 


Nature of Data: 


Nature of Data in Appendix B describes 
the procedure, instructions, and forms used 
in obtaining the test results. Data based on 
¢ the intercept method were submitted by only 

three laboratories. Laboratory No. 1 re- 
_ ported only one observation for one operator 
for each specimen. It used a magnification 
of 150 X for specimens Nos. 1 to 6, inclusive, 
and a magnification of 50 x for specimens 
_ Nos. 7 to 10, inclusive. Laboratory No. 6 

reported three separate observations for five 

different operators for specimens Nos. 1 to 

10, inclusive. It stated that the same equip- 
_ ment used in obtaining the readings by the 
- direct comparison method was used in 
_ obtaining readings by the intercept method. 
_ Laboratory No. 9 reported three separate 
_ observations for three different operators for 
‘gale Nos. 1 to 10, inclusive. The inter- 
cept method was applied “using 8 mm, 16 
mm, and 32 mm objectives calibrated to a 
micrometer eyepiece.” 


Control Analysis of Results: 


Following the steps outlined on Form No. 
2, “Summary Sheet,” average and standard 
- deviation values were computed for the 
determinations of grain size by each opera- 
~ tor, and for all operators combined, for each 
of the specimens for the data submitted by 
— laboratories Nos. 6 and 9. Using the average 
value for each operator, the variation be- 
_ tween operators at a single laboratory was 
determined as a standard deviation (¢), the 


STATISTICAL ANALYSIS OF 1940 RESULTS FOR INTERCEPT METHOD 


root mean square deviation for averages. 
Table XIX summarizes these results. The 
single observation for each specimen obtained 
by laboratory No. 1 is also included as an 
average value in the table. No standard 
deviation values can be given for the results 
for laboratory No. 1 since only one observa- 
tion was given for one operator. This table 
also includes average values of the standard 
deviation between operators, used to deter- 
mine control limits. All values outside the 


TABLE XXI.—NUMBER AND PER- 
CENTAGE OF AVERAGE VALUES 
WITHIN CONTROL LIMITS. 


Ten Specimens, Three Laboratories. 
Average Grain Diameter. 
Intercept Method. 


Averages for Individual Operators 
Laboratory |Numbe Within Control 
of | aboves| 
Oper- 
ators No. |Per cent 
> 1 0 10 0 0 
We. 6..... 5 20 9 21 42.0 
Ser 3 0 24 80.0 
9 20 25 45 50.0 


* Denotes that average value is greater than 
upper 3 ¢ control limits. 

>’ Denotes that average value is less than 
lower 3 ¢ control limits. 


3 @ control limits are designated as a (above) 
and b (below). 

Table XX lists the average value for each 
specimen determined at each of the three 
laboratories and the standard deviation 
values used for control analyses. For each 
specimen for laboratory No. 1, the average 
grain size value was below its 3 @ control 
limits based on the over-all average value for 
all laboratories combined. No average value 
for laboratories Nos. 6 and 9 was found to 
be outside its 3 o control limits for specimens 
Nos, 1 to 8, inclusive. All averages for speci- 
mens Nos. 9 and 10 were outside their 3 
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DETERMINATION 


TABLE XXII.—RANKING OF OPERATORS 


AVERAGE AND STANDARD DEVIATION VALUES OBTAINED FOR EACH 
OPERATOR. 


- | : Results for Eight Specimens and for all Eight Specimens Combined. 
Average Grain Diameter. 


OF GRAIN SIZE 


AND LABORATORIES WITH RESPECT TO 


Intercent Method. 
Speci- |Speci- |Speci- |Speci- |Speci- |Speci- |Speci- |Speci _ me 
by i- i- - i- i- ci- i- 
No. 1| No. 2 | No. 3| No. 4| No. 5| No. 6| No. 7| No. 8 | *@2%S - Rani Opera- | Labora- 
tor tory 
AVERAGES, X 

eee 1 1 1 1 1 2 1 2 10 1 1 1A 1 
eee 8 8 9 8 8 5 7 7 60 8 2 6B 9 

2 2 4 5 3.5 2 3 25.5 | 2 3.5 6C 6 

Ce 3.5 | 5 3 2 2 3.5 5 4 28 3.5 | 3.5 6D 

| 5 3 6 6 3 1 3 1 28 3.5 5 9A 

Sk 9 9 8 9 9 9 9 9 71 9 6 9C 
Ee ae 7 6 2 3 6 6.5 4 5 | 39.5] 5 7 9B 

Mis cueders 6 4 7 5 4 8 8 8 50 7 8 6A 

_ ae 3.5 | 7 5 7 7 6.5 6 6 48 6 9 6E 

Stanparp DeEvIATIONS, 

ee 8 8 3 4 8 7 8 2 | 48 7 1 9C 9 

ee 4 4 8 6 6 1.6; 5 8 42.5) 5 2 9A 6 

ro 7 2.5 5 1 4 1.5| 6 3 30 4 3 9B 

| ae 6 7 6 8 7 6 7 5 52 8 4 6C 

5 2.5 7 7 5 8 4 7 45.5 | 6 5 6B 
ee 2 5.5 1 5 2.5 | 3.5 2 4 25.5 | 2 6 6E 

2 5.5 | 3 2.5)1 5 2 6 27.0 | 3 7 6A 

Oe 2 1 3 2.5 | 2.5 | 3.5 2 1 wei i 8 6D 


* Laboratory No. 1 is omitted from this table. 
specimen was reported, no standard deviation could be obtained. 


o control limits. These results, together with 
those given in Table XIX, indicate in tabular 
form similar results to those indicated by 
control charts for average values. 

Table XXI presents a summary of the con- 
sistency of the results for the three labora- 
tories compared with the over-all results. 
These findings are presented in terms of the 
number and percentage of values outside 
the 3 o control limits. Since only three 
laboratories submitted data for the intercept 
method, these results reflect only the degree 
of control that was maintained by the nine 
operators at these laboratories. 

Results for specimens Nos. 9 and 10 
have been included in the control analysis 
for information. As in the other progress 
reports, results for specimens Nos. 9 and 
10 are omitted from subsequent analysis 
results. 


Since only one reading by one operator for each 

- 

48 
Analysis of Results by Ranking: _ 

The average and standard deviation 
values obtained in this study for each opera- 
tor may be simplified by means of ordering 
the operators. This is termed the method of | 
ranking. Since true values are not known 
for the average grain size of each specimen, — 
rank No. 1 is assigned arbitrarily to the 
smallest value and rank No. 9 to the largest 
value determined by the nine operators. 
Similarly rank No. 1 is assigned to the 
smallest standard deviation value and rank 
No. 8 to the largest standard deviation 
value measuring the variation between re- 
petitive determinations by the same opera- 
tor (designated herein as the variation 
within an operator, gw). The operator at 
laboratory No. 1 made only one deter- 
mination for each specimen and cannot be 
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REPORT OF COMMITTEE B-5 (APPENDIX II) 


TABLE XXIII—SUMMARY OF ANALYSIS OF VARIANCE RESULTS. 
Average Grain Diameter. 


Intercept Method. 


Variance Between Individual Operators at a 


Variance Within Individual Operators at a 


Single Laboratory—Significant Difference, Single Laboratory—Significant Difference, 
P = 0.01 P = 0.05 
No. 1|No. 2|No. 3|No. 4/No. 5|No. 6|No. 7|No. 8|No. 1|/No. 2|/No. 3|No. 4|No. 5|No. 6|No. 7|No. 8 
Laboratory: 
Ditivccescae x x x x x x ° x x x x x x x x x 
Norte. 


x denotes significant difference. 
— o denotes no significant difference. 


TABLE XXIV.—VARIANCE VALUES UPON WHICH RESULTS : i 
IN TABLE XXIII ARE BASED. 


Average Grain Diameter. 
Intercept Method. 


0.2 N 


Specimen | Specimen | Specimen | Specimen| Specimen 
No. 4 No. § No. 6 Ko. 7 Ro. 8 


No. 6....| Between 


oper- 
ators 
Within 


No. 9....| Between |0.000006/0.000003/0.000017 


0.000008)0 .000024/0 .000017 


0.000001 /0 .000002/0.000005 


.001048|0.002554 


0. 000042/0 . 000032/0.. 000075)0. 000267|0. 000369 


0.000049/0 .000046/0 .000044/0 .000499)0 .000162 


0.000012|0.000001/0 .000017 0 0.000110 


included in the ranking for standard devia- 
tion values. Table XXII presents a summary 
of these values and ranks the laboratories 
with respect to these two statistics. Where 
average or standard deviation values were 
the same for several operators, the average 
of the ranks involved was assigned to each 
operator. 

The results in the table above indicate 
that operator 1A obtained consistently 
smaller values for grain size diameter than 
the other eight operators. The three opera- 
tors at laboratory No. 9 had smaller 
variations between repeat measurements 
for the majority of the specimens than did 
the other five operators at laboratory No. 
6. 


Analysis of Distributions and Variations of 
Results: 


Distributions of the actual observations 
for each of the three laboratories and for 
the three laboratories combined for each of 
the ten specimens are presented in Fig. 6. 
For all specimens the distributions are 
given using equal cell widths (specimens 
Nos. 1 to 5: 0.005 mm; specimens Nos. 6 to 
8: 0.010 mm; specimen No. 9: 0.025 mm; 
specimen No. 10: 0.050 mm). These charts 
indicate the nature of the distribution and 
the variation in the reported results for 
each specimen for each laboratory, portray 
the differences in results for the three 
laboratories, and further substantiate the 
findings of this study. 
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OPERATORS TO OVER-ALL VARIATION. 
Average Grain Diameter. 


TABLE XXV.—OVER-ALL VARIATION FOR EACH LABORATORY SHOWING 
CONTRIBUTION OF VARIATION WITHIN AND VARIATION BETWEEN 


Intercept Method. 
Contribu- Contribu- 
Standard tion to Standard tion to 
Variation Deviation, Variance, » Total Deviation, Variance, 9 Total 
o Variation, o Variation, 
per cent per cent 


Within single operator 
Between operators... . 


Within single operator 
Between operators... . 


Within single operator 
Between operators... . 


Specimen No. 1 


Specimen No. 2 


LasoraTory No. 6 


Within single operator 
Between operators... . 


Within single operator 
Between operators... . 


Between operators... . 


Within single operator 


0.00309 | 0.0000095481 17.0 | 0.00290 | 0.0000084100 17.6 

0.00683 | 0.0000466489 83.0 | 0.00628 | 0.0000394384 82.4 

0.00750 | 0.0000561970 100.0 0.00692 | 0.0000478484 100.0 
Laporatory No. 9 

0.00094 | 0.0000008836 40.9 | 0.00094 | 0.0000008836 56.8 

0.00113 | 0.0000012769 59.1 0.00082 | 0.0000006724 43.2 

0.00174 | 0.0000021605 100.0 0.00125 | 0.0000015560 100.0 

Specimen No. 3 Specimen No. 4 

Laporatory No. 6 

0.00317 | 0.0000100489 18.9 | 0.00470 | 0.0000220900 14.3 

0.00657 | 0.0000431649 81.1 0.01150 | 0.0001322500 85.7 

0.00729 | 0.0000532138 100.0 0.0124 | 0.0001543400 100.0 
LazoratTory No. 9 

0.00173 | 0.0000029929 43.8 | 0.00280 | 0.0000078400 41.9 

0.00196 | 0.0000038416 56.2 | 0.00330 | 0.0000108900 58.1 

0.00261 | 0.0000068345 100.0 0.00433 | 0.0000187300 100.0 

Specimen No. 5 Specimen No. 6 

Lasoratory No. 6 

0.00419 | 0.0000175561 6.7 | 0.00602 | 0.0000362404 6.4 

0.01560 | 0.0002433600 93.3 | 0.02300 | 0.0005290000 93.6 

0.01620 | 0.0002609161 100.0 0.02380 | 0.0005652404 100.0 
Lasoratory No. 9 

0.00126 | 0.0000015876 16.1 0.00314 | 0.0000098596 50.0 

0.00288 | 0.0000082944 83.9 | 0.00314 | 0.0000098596 50.0 

0.00314 | 0.0000098820 100.0 0.00444 | 0.0000197192 100.0 


(Continued on p. 220) 
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TABLE XXV.—Concluded. 


- bes 


Standard Standard 
Variation Deviation, Variance, » Total Deviation, Variance, » Total 
Variation, Variation, 
per cent per cent 
Specimen No. 7 Specimen No. 8 

LasoraTtory No. 6 
Within single operator| 0.0128 | 0.0001638400 37.0 | 0.0139 | 0.0001932100 22.1 
Between operators... .| 0.0167 0.0002788900 63.0 0.0261 0.0006812100 77.9 
0.0004427300 100.0 0.0296 0.0008744200 100.0 

LaxsoraTtory No. 9 
Within single operator 0 0 0 0.00692 | 0.0000478864 57.0 
Between operators....| 0.0105 0.0001102500 100.0 0.00601 | 0.0000361201 43.0 
0.0105 0.0001102500 100.0 0.00917 | 0.0000840065 100.0 


Specimens. 


TABLE XXVI.—GRAIN SIZE DETERMINATIONS BY JEFFRIES’ METHOD. 
Average Grain Diameter in Millimeters Obtained by Three Laboratories for Ten Series Y 


Specimen Magali Laboratory No. 2 Readings 
250 0.030 0.025 0.028 0.035 
150 0.031 
250 0.040 0.035 0.039 0.055 
150 0.047 
75 Approx.0.048 
rrr 250 0.034 0.041 0.034 0.039 0.041 0.045 
75 Approx. 0.049 0.052 
Sissceenpued 250 0.050 0.045 0.046 0.050 


0.052 


TAI 


No. 


No. 
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Spe 
No. 
= 
No. 
4 
No. 
No. 
No. 
No 
No 
No 
5 | 0.064 0.060 0.06 
150 | 0.057 0.055 0.068 
> 75 0.073 0.080 0.071 | 
ox, an 
0.109 0.108 0.120 0.106 spe 
0.216 0.199 0.225 0.200 tor 
i 25 0.417 0.4890 0.520 0.415 Ta 
25 0.525 0.535 0.640 0.666 an 
we 
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TABLE XXVII.—AVERAGE AND STANDARD DEVIATION VALUES FOR GRAIN SIZE 
DETERMINATIONS BY JEFFRIES’ METHOD. 


Based on Data of Table XXVI. 


| 
Over-all | 
Laboratory No. 2 Laboratory No.5 Laboratory No. 6 Average Overall 
Specimen fication Magnifica- Avessee, Deviation, 
n n bg | X | tion, 
No. 1....| 250 | 3 |0.028 |0.0021/ 1 |0.035 0.030 
150 1 (0.031) ...| 0.031 
All | 3 |0.028 |0.0021) 1 |0.035 1 0.031) ... 0.0300) 0.00332 
No. 2 250 | 3 0.038 |0.0022| 1 |0.055 0.042 
150 1 |0.047| ...| 0.047 
75 | 110.048); ... 0.048 
All | 4 |0.0405|0.0046) 1 |0.055 1 |0.047 0.0440) 0.00668 
No. 3 250 | 5 |0.038 |0.0032| 1 |0.045 0.039 
75 | 110.049) ... 1 |0.052 0.0505 
All | 6 |0.0397|0.0051| 1 |0.045 1 0.0419) 0.00609 
No. 4....| 250 | 4 |0.0465/0.0021/ 1 |0.050 0.047 
150 | 2 |0.053 |0.001 0.053 
75 | 1 ... | 1 ... 1 [0.062 0.062 
All | 7 |0.0509|0.0063) 2 |0.055 |0.0050) 1 |0.062 0.0528) 0.00669 
No. 5 250 | 1 |0.060| ... 1 |0.075 0.0725 
150 | 3 |0.060 |0.0057 0.060 
75 | 110.073] ... 1 |0.080 | ... 1 {0.071 0.075 
All | 5 |0.0626)0.0063) 2 |0.0775|0.0025) 1 |0.071 0.0674) 0.00851 
No. 6.. 75 | 2 |0.1085)0.0005) 1 |0.120 1 |0.106 -| 0.111 
All | 2 |0.1085)0.0005) 1 |0.120 1 |0.106 0.111 | 0.00545 
No. 7.. 75 | 2 |0.145 |0.0010) 1 |0.165 1 |0.164 -| 0.155 
All | 2 {0.145 {0.0010} 1 |0.165 1 |0.164 0.155 | 0.00978 
No. 8.. 75 | 2 |0.2075)0.0085) 1 |0.225 1 |0.200 .| 0.210 
All | 2 |0.2075)0.0085) 1 |0.225 1 |0.200 0.210 | 0.01098 
No. 9.. 75 | 2 |0.363 |0.007 | 1 |0.450 0.392 
25 | 2 |0.428 |0.011 | 1 |0.520 | ... | 1 |0.415 0.448 
All | 4 |0.3955/0.0338) 2 |0.485 |0.035 | 1 |0.415 0.424 | 0.05041 
No. 10....| 75 | 2 |0.43350.0115) 1 |0.470 0.446 
25 | 2 |0.530 |0.005 | 1 |0.640 | ... | 1 |0.666 0.5915 
All | 4 |0.4818/0.0491) 2 |0.555 |0.085 | 1 |0.666 0.529 | 0.08712 


The data were also analyzed using the 
analysis of variances method. For each 
specimen a test was made to determine 
whether a significant difference was indi- 
cated between the variance between opera- 
tors and the variance within an operator 
based on the criteria P = 0.01 and P = 
0.05. A summary of these results is given in 
Table XXIII. 

Table XXIV presents values of the vari- 
ance on which the results in Table XXIII 
were based. The standard procedure for 


q 


analysis of variance was used, where m, and 
m values in terms of number of degrees of 
freedom were tabulated in each computa- 
tion; a z value was found and compared with 
the z values for P = 0.01 and P = 0.05 read 
from Table VI of R. A. Fisher’s “Statistical 
Methods for Research Workers.” 

A study was made of the contribution of 
the two variations—variation within a 
single operator and variation between 


operators—to the total variation for each 
specimen at laboratory Nos. 6 and 9, 


q 
= 
j 
ts La 
| 
| 
i 
= 
1% 
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Laboratory No. 1 could not be included in 
this study inasmuch as no standard devia- 
tion value could be computed from a single 
observation. Table XXV gives a summary of 
these results. For laboratory No. 6 the per 
cent contribution of the variation between 
operators to the over-all variation is 63.0 
per cent or more for specimens Nos. 1 to 8, 


APPENDIX E 


Scope: 


This memorandum presents an analysis 
of the data obtained for the ten series Y 
brass specimens by the Jeffries’ method for 
the determination of grain size by labora- 
tories Nos. 2, 5, and 6. This progress report 
gives a statistical analysis and summary of 
these results and also a brief comparison 
between the average of these values and 
similar averages obtained by the three 
other methods described in the preceding 
three appendices. 


Nature of Data: 


The data for laboratory No. 2 consists of 
several readings per specimen, in many 
instances at different magnifications. For 
laboratories Nos. 5 and 6 single readings are 
given for each specimen. Laboratory No. 5 
gives values for two different magnifications 
for seven specimens. These data, being few 
in number, are listed in Table XXVI. 


Analysis of Results: 


Average and standard deviation values 
were determined, where possible. When only 
one observation is given, no standard de- 
viation can be obtained. Table XXVII gives 
n, X, and o values for each laboratory for 
each specimen and for each magnification. 
Two sets of over-all average values are 
listed for each specimen, a set of average 
values for each magnification, and a single 
over-all value based on all the determina- 
tions regardless of magnification. Each 
determination is given equal weight so that 


inclusive, with an average value of 82.5 per 
cent. For laboratory No. 9 the per cent 
contribution of the variation between 
operators to the over-all variation is 43.0 
per cent or more for specimens Nos. 1 to 8, 
inclusive, with an average value of 61.7 per 


cent. 


; _ STATISTICAL ANALYSIS OF 1940 RESULTS FOR JEFFRIES’ METHOD 


TABLE XXVIII—TEST FOR  SIG- 
NIFICANT DIFFERENCE BETWEEN 
AVERAGES FOR THREE LABORATORIES 
TAKEN TWO AT A TIME USING THE 
JEFFRIES’ METHOD. 


Based on Standard Deviation Values for 
Laboratory No. 2. 


Laboratories Stand- 

ard 
Specimen 7 No. 2| No. 2| No. 5 = 

versus | versus | versus c 

No. 5 | No. 6 | No. 6 

250 | 2.89) 0.0021 
6.69) ¢ e 0.0022 
250 | 2.00) 0.0032 
75 3.00) ¢ 0.001° 
250 | 1.49) 0.0021 
75 | 4.00} 2.00) 2.00) 0.001° 
250 | 7.50) ¢ 0.002° 
75 | 7.00) 2.00} 9.00) 0.001° 
75 |18.78| 4.08/28.00) 0.0005 
75 |16.32)15.51) 1.00) 0.001 
75 | 1.68) 0.72) 0.29) 0.0085 
75 |10.15) ¢ 0.007 
25 | 6.83) 0.96) 9.55) 0.011 
75 | 2.59) ¢ 0.0115 
25 |17.96/22.21) 5.20) 0.005 


@ Results obtained at different magnification; 
see Table XXVI. 

+ Assumed value estimated from results for 
other specimens. 

NOTE.—Average values were considered sig- 
nificantly different if t > 3 where ¢ is obtained 
from the relation: 
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i 
the results from laboratory No. 2 have more 
weight since more readings were obtained 
there. An over-all standard deviation value, 
J, is given based on all observations from 
the three laboratories combined. 

No tests for control are possible with 
such meager data. Using the standard 
deviation values obtained for laboratory 
No. 2, a test for significant difference 
between laboratories Nos. 2 versus 5, 2 
versus 6, and 5 versus 6 give the results 
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three parts is given for each laboratory and 
also for all laboratories combined. The 
first part of each table gives the n, X, and 
o values for each method for each specimen. 
The second part gives # values obtained by 
a test for significant difference between the 
averages for the various methods where: 


—X2 
= 


z= 2 2 
m ne 


shown in Table XXVIII. 
TABLE XXIX.—RANKING OF LABORATORIES WITH RESPECT --e. 
TO AVERAGE VALUES. 
Jeffries’ Method. 
For MAGNIFICATION 
Specimen and Magnification 
Laboratory | No.1 | No.2 No. 3 No. 4 No. 5 No.6 | No.7 | No.8 | No.9 No. 10 
250 250 250 | 75 | 250 | 75 | 250 | 75 75 75 75 75 25 75 25 
a 1 1 1 1 1 3 2 2 1 2 1 2 1 1 
SS 2 2 2 ci 1 3 3 3 3 Si231;3i2 
1 1 2 1 1 
For Over-ALL AVERAGES 
Specimen 
No. 1 | No. 2 | No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No.9 | No. 10 
|  ) a 1 1 1 1 1 2 1 2 2 1 
No. 5.... 3 3 2 2 3 3 3 3 3 2 
No. 6.... 2 2 3 3 2 1 2 1 1 3 


Note.—Rank No. 1 = smallest value; rank No. 2 = intermediate value; rank No, 3 = largest 


value. 


Taking account of the magnifications 
used and also using over-all average values, 
the results for the three laboratories may be 
ranked, giving the smallest average value 
rank No. 1, ete. Table XXIX lists these re- 
sults. 


COMPARISON OF RESULTS OBTAINED BY 
Four DIFFERENT METHODS 


In order to evaluate the different meth- 
ods, a study was made of the differences 
between the over-all results obtained by 
each laboratory by the four methods. If no 
results were obtained for one or more of 
the methods, a note is made to that effect 
in the attached tables. A table composed of 


= 


The third part of each table gives ¢ values 
obtained by a test for significant difference 


— + 


Table XXX covers laboratory No. 2 alone; 
Table XXXI covers laboratory No. 5 alone; 
Table XXXII covers laboratory No. 6 alone; 
and Table XXXIII covers the results for all 
laboratories combined, including, where 
possible, results for each laboratory that 
gave results for any of the methods. 


between over-all o values wher . 
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TABLE XXX.—COMPARISON BETWEEN AVERAGE AND STANDARD DEVIATION 
VALUES FOR AVERAGE GRAIN DIAMETER OBTAINED BY FOUR 


DIFFERENT METHODS. 
Results for Laboratory No. 2. 


n, X, anp VaLuzs 


Method A Method B Method C Method D 
Specimen Comparison Method | Transparency Method | Intercept Method Jeffries’ Method 
9 |0.0326,0.00224| 9 |0.0306/0.00195) 3 |0.028 |0.0021 
conde 9 |0.0422/0.00249) 9 e 4 |0.0405)/0.0046 
9 |0.0517|/0.00577| 9 |0.0460/0.00537| 6 |0.0397/0.0051 
9 |0.0600/0.00499) 9 |0.0522/0.00485) 7 |0.0509/0.0063 
9 |0.0733|0.00745| 9 |0.0722/0.00749| a 5 |0.0626\0.0063 
9 |0.0983/0.00972) 9 |0.093 |0.00568| a 2 |0.1085/0.0005 
9 |0.154 |0.0120 | 9 |0.153 |0.00667| 2 |0.145 |0.001 
9 |0.184 |0.0142 | 9 |0.174 |0.00831| 3 2 |0.2075/0.0085 
Test ror SIGNIFICANT DIFFERENCE BETWEEN AVERAGES 
Specimen D versus A D versus B D versus C C versus A C versus B B versus A 
1.08 1.89 
0.70 0.44 
4.23 2.29 
3.07 5.06 
Test ror SIGNIFICANT DIFFERENCE BETWEEN STANDARD DEVIATIONS 
Specimen D versus A D versus B DversusC | C versus A C versus B B versus A 
0.14 0.15 0.41 
1.22 1.00 0.39 
0.33 0.14 0.22 
0.64 0.71 0.09 a 
0.44 0.46 0.02 
4.00 3.80 1.52. 
1.05 0.04 1.52 


* No results for intercept method. 
b Results for specimens Nos. 9 


and 10 


are only approximations and hence have been omitted. 
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TABLE XXXI.—COMPARISON BETWEEN AVERAGE AND STANDARD DEVIATION 
VALUES FOR AVERAGE GRAIN DIAMETER OBTAINED BY FOUR 
DIFFERENT METHODS. 


Results for Laboratory No. 5. 


n, X, AND o VALUES 


Method A Method B | Method C Method D 
Specimen Comparison Method | Transparency | Intercept Jeffries’ Method 

9 | 0.0370 | 0.00343 | «| «| «| «| 1 | 0.035 | 0.0021% 
9 | 0.0461 | 0.00314; «| | «| «| «| 1 | 0.055 | 0.00224 
9 | 0.0606 | 0.00761 | *| «| «| 1 | 0.045 | 0.0032° 
9 | 0.0722 | 0.00629} «| «| «| «| 2 | 0.055 | 0.0050 
9 | 0.0894 | 0.00497 | «| | | «| «| 2 | 0.0775 | 0.0025 
9 | 0.1122 | 0.00916 | «| «| «| «| «| «| 1 | 0.120 | 0.0005% 
9 | 0.157 | 0.0115 |*| «| «| 1 | 0.165 | 0.0010% 
9 | 0.202 | 0.0187 |*| *| «| «| 1 | 0.225 | 0.0085% 
je} ele! «| «| 2 | 0.485 | 0.035 


Test For SIGNIFICANT DIFFERENCE BETWEEN AVERAGES 


Specimen D versus A D versus B D versus C C versus A C versus B | Bversus A 
3.82 e a a 
4.18 a a a a 
4.91 a a a 
2.52 a a a 
2.18 @ a a a 
e bad a a a 


Test For SIGNIFICANT DIFFERENCE BETWEEN STANDARD DEVIATIONS 


Spceimen D versus A D versus B D versus C C versus A C versus B B versus A 


¢ No results for transparency and intercept methods. 
> Based on o values for laboratory No. 2. 
¢ Results for specimens Nos. 9 and 10 are only approximations and hence have been omitted. 


- re . 
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DIFFERENT METHODS. 
Results for Laboratory No. 6. 
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TABLE XXXII.—COMPARISON BETWEEN AVERAGE AND STANDARD DEVIATION 
VALUES FOR AVERAGE GRAIN DIAMETER OBTAINED BY FOUR 


n, ba AND o VALUES 


Method A Method B Method C Method D 
Specimen Comparison Method Teggeparency Intercept Method? Jeffries’ Method 
15 |0.0303|0.00125| ¢ a | 15 |0.0419|0.00721) 1 | 0.031] 0.0021° 
15 |0.0410}0.00200) ¢ | 15 |0.0511|0.00746} 1 | 0.047) 0.0022° 
15 |0.0587/0.00694; ¢ * | 15 |0.0622/0.00738} 1 | 0.052) 0.0032° 
15 |0.0670/0.00969| ¢ | 15 |0.0703\0.0126 | 1 | 0.062) 0.0063° 
15 |0.0860\0.00688) ¢ bd | 15 |0.0828/0.0163 | 1 | 0.071| 0.0063° 
15 |0.1033|0.00675| ¢ e | 15 |0.1063/0.0109 | 1 | 0.106) 0.0005° 
15 |0.160 |0.0200 | ¢ | 15 |0.1570|0.0214 | 1 | 0.164! 0.0010° 
aa 15 |0.193 |0.0289 | ¢ « @ | 15 |0.200 |0.0304 | 1 | 0.200) 0.0085° 
a e | 15 |0.359 |0.00579| 1 | 0.415) 0.034% 
No. e a | 15 |0.608 |0.125 1 | 0.666) 0.049% 
Test ror SIGNIFICANT DIFFERENCE BETWEEN AVERAGES 
Specimen D versus A D versus B D versus C C versus A C versus B B versus A 
0.33 a 3.88 5.61 a 
2.65 e 1.40 5.07 e 
Test For SIGNIFICANT DIFFERENCE BETWEEN STANDARD DEVIATIONS 
Specimen D versus A D versus B D versus C C versus A C versus B B versus A 
0.13 2.54 3.87 
1.44 1.59 2.26 “ 
0.71 a 1.26 1.00 
0.13 e 1.87 2.92 a 
4.88 5.15 1.77 a 
2.55 a 1.89 0.20 


* No results for transparency method. 

+ Based on @ values for laboratory No. 2. 

© Results for specimens Nos. 9 and 10 are only approximations and hence have been omitted. 

4 Based on data submitted May 8, 1942. Dec. 22, 1941, data gives: 0.31, 0.041, 0.054, 0.062, 
0.073, 0.103, 0.163, 0.204, 0.480, and 0.700 as single readings obtained for specimens Nos. 1 to 10, 
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4 DETERMINATION OF GRAIN SIZE 
TABLE XXXIII.—-COMPARISON BETWEEN AVERAGE AND STANDARD DEVIATION 
VALUES FOR AVERAGE GRAIN DIAMETER OBTAINED BY FOUR 
DIFFERENT METHODS. 
Over-All Results for All Laboratories Obtaining Results by Any Method. 
n, X, AND VALUES 
Method A Method B Method C Method D 
Specimen Comparison Method | Transparency Method | Intercept Method Jeffries’ Method 
96/0 .0332|0.00271) 24/0.0305|0.00201| 25/0.0399/0.00434| 5 |0.0300/0.00332 
96/0 .0422/0.00225| 24/0.0404/0.00278| 25/0.0500/0.00444| 6 |0.0440/0.00668 
96/0 .0525/0.00497| 24/0.0485/0.00622) 25/0.0595/0.00500| 8 |0.0419/0.00609 
96/0 .0629/0.00547| 24/0.0550/0.00677| 25/0.0675/0.00848/10 |0.0528/0.00669 
96|0.0790/0.00544| 24/0.0729|0.00758) 25/0.0805/0.00978) 8 |0.0674/0.00851 
96'0.153 [0.0121 | 24/0.165 |0.0141 | 25/0.159 [0.0160 | 4 |0.155 |0.00978 
960.188 [0.122 | 24/0.191 |0.0146 | 25)0.203 |0.0204 | 4 |0.210 |0.0110 
Test For SIGNIFICANT DiFFERENCE BETWEEN AVERAGES 
Specimen D versus A D versus B D versus C C versus A | C versus B B versus A 
and 2.12 0.32 5.76 7.35 9.79 5.46 
0.66 1.29 2.09 8.51 9.11 2.94 
eee 4.79 2.64 7.41 6.24 6.81 2.93 
a See 4.62 0.87 5.42 2.58 5.71 5.30 
I ee 3.78 1.63 3.65 0.73 3.05 3.71 
0.61 3.10 1.36 2.52 2.52 0.29 
0.40 1.76 0.68 1.75 1.39 3.83 
i See 3.58 3.04 1.02 3.05 2.38 0.74 
Test For SIGNIFICANT DiFFERENCE BETWEEN STANDARD DEVIATIONS 
Specimen D versus A D versus B D versus C C versus A | CrersusB | Bversus A 
a Ser 0.57 1.20 0.84 2.53 3.43 2.05 
2.29 1.98 1.10 3.38 2.23 1.22 
a See 0.72 0.07 0.65 0.04 1.07 1.29 
i See 0.79 0.04 0.93 2.38 0.46 1.23 
ES See 1.42 0.38 0.50 3.02 1.25 1.84 
0.85 1.00 0.95 0.38 0.05 0.43 
re 0.65 1.67 1.51 2.47 6.24 0.90 
Oe Se 0.30 0.81 1.94 2.72 1.62 1.05 


: 
rr specimens Nos. 9 and 10 are onl; and hence have been omi i 
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APPENDIX F 


THE TRANSPARENCY METHOD 


Report OF CommMITTEE B-5 (APPENDIX II) 


COMPOSITE TABLE CONTRASTING THE OVER-ALL RESULTS OBTAINED 
FROM THE DIRECT COMPARISON METHOD AND 


(Composite Table based on Table IV, Appendix B, and on Table XIV, Appendix C) 


Average Grain Diameter. 
Eight Specimens. 


_ NUMBER AND PERCENTAGE OF AVERAGE VALUES WITHIN CONTROL LIMITS. 


Over-all Average Averages for Individual Operators 
Laboratory Within Control Limits} 7. of Within Control Limits 
Above® | Below? - | Above® | Below? 
No. Per Cent ators No. Per Cent 
Direct Comparison LABORATORIES 
Sp 0 6 2 25.0 5 0 23 17 42.5 
“Se eee 0 0 8 100.0 3 2 5 17 70.8 
~ are 2 0 6 75.0 3 8 0 16 66.7 
0 6 2 25.0 4 0 ll 21 65.6 
Dismeudaded 7 0 1 12.5 3 13 0 ll 45.8 
Peatesuesoes 2 1 5 62.5 5 14 5 21 52.5 
OS Re? 1 0 87.5 3 1 2 21 87.5 
SERRE reer 1 1 6 75.0 3 5 1 18 75.0 
is ccmie on 3 0 5 62.5 3 8 1 15 62.5 
16 14 42 58.3 32 51 48 157 61.3 
TRANSPARENCY MetHop—Two LABORATORIES 

= 0 0 8 100.0 5 2 1 37 92.5 
~ & 0 0 8 100.0 3 0 2 22 91.7 
0- 0 16 100.0 8 2 3 59 92.1 


* Denotes that average value is greater than upper 3 ¢ control limits. 
> Denotes that average value is greater than lower 3 ¢ control limits. 
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springs. 


Nickel silver strip has long been used 
as an engineering material in the manu- 
facture of small, flat, or formed, punched 
springs. Generally, the 18 per cent nickel 
alloy has been specified because of its 
good mechanical properties. Its high 
elastic strength, good fatigue charac- 
teristics and satisfactory electrical con- 
ductivity, the ease with which it can be 
welded, its good resistance to corrosion, 
and pleasing appearance all have been 
factors in the selection of the 18 per 
cent nickel silver alloy for these applica- 
tions and for its general use as the base 
for silver-plated ware. 

During World War II, the shortage of 
nickel made it necessary to restrict 
markedly the use of nickel silver strip. 
Various alloys were investigated as pos- 


* Presented during the meetings of Committe 
B-5 on Copper and Copper Alloys, Cast and 
Wrought, in conjunction with Committee Week 
of the Society, February 1-5, 1954. 

1 Member of Technical Staff, Bell Telephone 
Laboratories, Inc., New York, N. Y. 


THE MECHANICAL PROPERTIES OF SOME NICKEL 
SILVER ALLOY STRIPS* 


| 
G. R. Goun,' J. P. Guerarp,' anp G. J. HERBERT! 


SYNOPSIS 


This paper presents data on the mechanical properties—including tensile 
strength, proportional limit, yield strength, modulus of elasticity, elongation, 
Rockwell hardness and fatigue characteristics—of four nickel silver alloys in 
the form of strip. The alloys include the standard 18 and 12 per cent nickel 
alloys (alloys Nos. 4 and 8 of ASTM Specification B 122 - 52 T), a high- 
copper 12 per cent nickel silver alloy, and a 10 per cent nickel silver alloy. 
The data indicate that either of the two 12 per cent nickel alloys have mechan- _ 
ical properties that make them suitable as engineering substitutes for the 18 _ 
per cent nickel alloy in spring applications. On the other hand, the properties _ 
of the 10 per cent alloys are such that it is not a satisfactory substitute for 


sible substitutes. Among the most 
promising, were the 12 per cent nickel 
alloys. Preliminary studies showed that 
the mechanical properties of these 12 
per cent nickel alloys and the standard 
18 per cent nickel alloys were similar. 
Accordingly as an alternative, G. R. 
Gohn, and J. P. Guerard proposed that 
the amount of nickel silver available for 
spring applications could be increased 
by at least 50 per cent if an alloy of 12 
per cent nickel, 56.5 per cent copper, 
balance zinc were used in lieu of the 
standard 18 per cent alloy. After study 
by a task group, such an alloy was ac- 
cepted by ASTM Committee B-5 on 
Copper and Copper Alloys, and specifica- 
tion requirements for the 12 per cent 
nickel alloy (designated No. 8) were 
incorporated in ASTM Specifications 
B-122 in 1946.? 

2 Tentative Specifications for Copper-Nickel- 
Zinc and Copper-Nickel Alloy Sheet and Strip 


(B 122-46aT), 1946 Book of ASTM Stand- 
ards, Part 1-B, p. 402. 
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The end of the war temporarily re- 
lieved the nickel shortage but, with the 
outbreak of the Korean conflict, re- 
strictions were again imposed on the 
use of nickel. This time specific limita- 
tions on the use of nickel prevented 
general usage of the 18 per cent alloy. 
This restriction resulted in a greater use 
of the 12 per cent alloy and encouraged 
further studies of the mechanical proper- 
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per cent copper, and 31.5 per cent zinc. 
The third alloy is a modification of alloy 
No. 8 in which the nominal copper con- 
tent in the material tested has been in- 
creased to 60 per cent with a correspond- 
ing reduction in the zinc content. The 
fourth alloy contains 10 per cent nickel, 
60 per cent copper, and 30 per cent zinc. 
The allowable ranges in composition for 
these four alloys are given in Table I. 


TABLE I.—CHEMICAL REQUIREMENTS FOR NICKEL SILVER ALLOYS. 


a | Lead, | Iron, | Manga-) 
Alloy per cnt max per Zinc, per cent 
No. 4 (ASTM B 122-52T) (55 
53.5 to 56.5) 16.5 to 19.5) 0.10 | 0.25 | 0.50 | remainder 
8 (ASTM B 122 52 T) (56.5 
Cu, 12 Ni, 31.5 Zn)........... 55.0 to 58.0) 11.0 to 13.5) 0.10 | 0.25 | 0.50 | remainder 
60 per cent Copper, 12 per cent 
ME. cxcbonevadeeivenceoes 55.0 to 61.0) 11.0 to 13.5) 0.10 | 0.35 | 0.50 | remainder 
60 per cent Copper, 10 per cent 
59.0 to 63.0; 9.0 to 11.0 0.10 | 0.35 | 0.50 | remainder 


* Cobalt counting as nickel. 


- ties of the low-nickel material. Recently, 
restrictions on the use of nickel have 
been lifted. However, the need for nickel 
in critical applications such as jet 

engines, gas turbines, rockets, guided 
missiles, and similar devices demands 
that no more nickel than is necessary 
be used on any application. The data 
in this paper are presented to show one 
area in which critical nickel can be con- 
served without any significant engineer- 

ing sacrifice. 
Four nickel silver alloys are included 
- in these studies. The first is the stand- 
ard 18 per cent nickel, 55 per cent cop- 
per, 27 per cent zinc alloy designated as 
No. 4 in ASTM Specification B 122-52 
T.* The second alloy is known as No. 8 in 
B 122 and has a nominal 


composition of 12 per cent nickel, 56.5 


* Tentative Specification for Copper-Nickel 

- Zine Alloy (Nickel Silver) and Copper-Nickel 

Alloy Plate, Sheet, Strip, and Rolled Bar 

(B 122 - 52 T), 1952 Book of ASTM Standards, 
Part 2, p. 331. 


Since the data on the 18 per cent 
nickel silver alloy include not only some 
previously published information (1, 2, 
3, 4)* but some additional new data ob- 
tained by the authors, the various 
analyses are not readily available but all 
alloys tested conformed to specification 
limits, as did all of the standard 12 per 
cent nickel silver alloys. A representative 
analysis for the standard 12 per cent 
nickel alloys studied is as follows: 


Manganese, per 0.15 
Phosphorus, per 0.002 


The only difference in composition be- 
tween this series of alloys and the high- 
copper 12 per cent nickel silver alloys 
is the increase in copper content to a 

*The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 


oe 
| no 
Co 
Ni 
Ms 
| Irc 
Ph 
Bi 
Zi 
a 
al 
Wi 
hi 
ti 
fc 
7 1 


nominal value of 60 per cent for the 
alloys tested. 

In the case of the 10 per cent nickel 
silver alloys, the material studied had 
the following composition: 


9.5 
Manganese, per cent............ 0.07 
Iron, per cent, less than......... 0.10 
Phosphorus, per cent............ 0.01 
trace 
Bismuth, per cent............... trace 


The tensile properties of the various 
alloys were determined in accordance 
with ASTM Method E 85 using speci- 
mens conforming to Fig. 6 of those 
methods for all tests made since 1945. 
Prior to that time an 8-in. gage length 
test specimen was used for all tests 
where data are reported for the propor- 
tional limit and yield strength values. 
The fatigue data were obtained from 
reversed bending fatigue tests as de- 
scribed by Greenall and Gohn (2). 

The mechanical test data are sum- 
marized in Table II for the 18 per cent 
nickel alloys, in Table III for the stand- 
ard 12 per cent nickel alloys, in Table 
IV for the high-copper 12 per cent 
nickel alloys, and in Table V for the 
high-copper 10 per cent nickel alloys. 

The relation between per cent reduc- 
tion by cold rolling and tensile strength 
for the four compositions is given in Fig. 
1. Figure 2 shows the relationship be- 
tween per cent reduction by cold rolling 
and Rockwell hardness for the same 
materials. The effect of cold rolling on 
the average mechanical properties of 
the various alloys studied is shown in 
Fig. 3. A study of these data shows that 
cold rolling causes the expected increase 
in tensile strength and Rockwell hard- 
ness in all four alloys. The increase in 


5’ Tentative Methods of Tension Testing of 
Metallic Materials (E 8 - 52 T), 1952 Book of 
ASTM Standards, Part 1, p. 1389, Part 2, p. 
1208. 


On MECHANICAL PROPERTIES OF NICKEL SILVER ALLOY STRIPS 


231 


Rockwell hardness for additional cold 
rolling in excess of 20 per cent is less 
marked than is the increase in tensile 
strength. This makes it rather difficult 
to identify the hard, extra-hard, and 
spring tempers on the basis of hardness 
tests alone. 

Like the tensile strength, the propor- 
tional limit values for the 18 per cent 
nickel alloy increase with increasing 
amounts of cold reduction. However, in 
the case of the standard 12 per cent 
nickel alloy, the proportional limit ap- 
pears to reach a maximum in the half- 
hard temper, and additional amounts 
of cold rolling seem to cause little or no 
increase. In the case of the high-copper 
12 and 10 per cent nickel alloys cold 
working in excess of 37 per cent (hard 
temper) actually seems to be deleterious 
in that somewhat lower values are ob- 
served for the proportional limits of 
extra-hard and spring temper material. 
This observation should be confirmed 
by additional tests. 

The yield strengths of the 18 per cent 
nickel alloys show an increase with in- 
creasing amounts of cold working com- 
parable to that observed in the tensile 
values. This increase is less marked in 
the case of the standard 12 per cent 
nickel alloy, while the yield strength of 
the high-copper 12 per cent nickel alloy 
appears to reach a maximum for amounts 
of cold working intermediate between 
those corresponding to half-hard and 


hard tempers. In the case of the 10 per > 


cent alloy the yield strength, like the 
proportional limit, falls off in the case 
of the harder tempers. 

The effect of cold rolling on the 
modulus of elasticity does not appear to 
follow any set pattern. For the 18 per 
cent nickel alloy, the modulus value 
falls off slightly with cold working and 
then increases to a maximum in the 
case of extra-hard and spring tempers. 
For the standard 12 per cent and the 
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TABLE IV.—MECHANICAL PROPERTIES OF 60 PER CENT COPPER, 12 PER CENT 


Nomi- a cent Propor-| Strength, psi) Rock- 
Thick-} Grain Direction | duction] S$ gatic Modulus xT 
in. ling ri per cen ness 
Offset 
QuarTEeR-Harp TEMPER 
0.043} Longitudinal 10.9% | 85 100/43 000/57 400} 82 200) 7.0 |17.9 X 10® | 76.1 |25 000 
45 deg 80 700|31 400,47 100) 72 500) 8.6 16.8 wee 
Transverse 84 700,30 500/48 400) 75 000) 7.7 18.4 
0.034} Longitudinal 10.9% | 73 100)34 700|37 600: 56 100) 28.3 17.6 FOB 
45 deg 69 90031 900/36 600) 51 700) 32.8 16.7 
Transverse 71 000 32 000/37 000) 52 600) 33.2 17.5 
Haur-Harp 
0.036] Longitudinal |20.7* | 96 700|50 500|65 400 94 700| 2.5| 17.2 78.4 |26 000 
45 deg 92 500 34 400/49 200) 83 400) 4.1 16.3 
Transverse 96 100/36 700,52 700) 85 800) 4.3 18.5 
Harp Temper 
0.032} Longitudinal |102 700'51 800'65 100)100 500) 2.5 17.6 79.3 |28 000 
45 deg 99 400/39 52 900) 88 700} 3.0 16.3 nae ves 
Transverse 102 900/44 800\54 90 800) 2.5 18.7 
Exrra-Harp TEMPER 
0.029| Longitudinal |50.0* |102 300|51 6oo\6o 99 500} 1.9 17.1 79.7 |32 000 
45 deg 101 800)41 900/53 90 3.0 16.4 
Transverse 106 100\40 000/53 1 93 600) 3.2 18.8 
0.030} Longitudinal [50.0% |104 500\44 000\54 500/101 300) 2.0 17.9 80.9] .. 
45 deg 100 700|45 900/54 400) 89 300) 2.7 16.1 
Transverse 105 500\48 700/59 000) 93 600) 3.4 18.3 
Spring TemMPerR 
0.024 Longitudinal (60.5° |113 300|47 300|58 800)107 000) 1.5 16.7 
45 deg lll 800,54 300 62 700; 98 2.2 16.0 
Transverse 115 400/56 800 65 400)/101 000) 2.1 17.9 


* Nominal reduction 
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TABLE V.—MECHANICAL PROPERTIES OF 60 PER CENT COPPER, 10 PER CENT 
NICKEL, NICKEL SILVER STRIP. 


ag 
Nomi- Per cent’ Yield Strength, psi Rock- | $3 
nal Re- | Tensile | Propor- Elon- il + 
Tnick-| Grain Direction {duction |Strength, | tion! | 
ome, Cold) psi psi 0.01 per] cent Hard- 
ing cent per cent ness Sas 
Offset | Offset 
ANNEALED TEMPER 
0.032} Longitudinal 0 61 000!14 000 19 000) 26 009 54.0 |17.4 X 10* | 49.0 |20 000 
0.064! Longitudinal 0 60 500,13 20018 500) 27 200, 53.7 15.3 51.4 
45 deg 61 100,20 700 23 800) 28 800) 61.2 16.0 oe 
Transverse 60 200,19 80023 100) 28 57.8 17.7 
0.080! Longitudinal 0 64 800,18 40024 400) 32 300, 53.1 15.8 57.7 
, 45 deg 63 40020 200 24 800, 33 100 56.2 15.0 ae 
Transverse 62 900 24 300,28 100) 32 600) 53.8 16.2 ° 
QuarRTER-Harp TEMPER 
T | 
0.028! Longitudinal {10.9% | 69 00032 000 37 G00! 53 0001 37.0 16.5 68.0 |27 000 
0.057; Longitudinal (13.0 | 68 70025 20028 soo 45 000) 38.0 17.2 68.7 
45 deg 67 500 30 80036 700, 51 600; 43.9 16.3 ae 
Transverse 67 50030 90036 400 51 600 38.0 16.4 ; 
0.072) Longitudinal 9.5 | 71 70030 000,36 700) 53 s00 39.9 16.2 68.7 
45 deg 68 10032 10036 800) 50 100, 40.7 16.7 ears ‘ 
Transverse 68 40031 60036 700, 50 300, 36.8 16.7 “a " 
Hatr-Harp TEMPER 
0.025) Longitudinal 17.2 76 om 000 50 000) 69 000) 20.0 16.7 73.0 |24 000 
0.051) Longitudinal 20.5 | 74 900/37 500.37 900) 66 200) 23.5 17.2 72.8 
71 700}37 20043 700) 62 700) 27.4 15.3 
72 000 43 400) 62 600) 19.2 16.9 
0.064) Longitudinal 18.8 78 40035 20047 500) 68 000; 26.1 17.5 72.7 
72 700,35 700 42 600° 61 000; 27.2 16.2 nae 
74 00033 30041 500, 61 400, 26.3| 17.0 
Harp TEMPER 
Longitudinal {30.9 | 88 000!48 000'60 000) 86 000} 3.5 17.3 76.0 |28 000 
0.040 Longitudinal 39.5 93 500 44 600 53 800, 89 900) 4.1 16.9 78.9 
45 deg 88 800 41 30053 900) 80 600 5.6 15.1 wad 
Transverse 91 200.44 500 54 _ 82 900) 5.1 17.4 ieee 
0.051; Longitudinal 39.5 99 800 40 600 52 300 94 500) 4.1 17.2 79.2 
45 deg 95 000 38 700 50 600, 85 100) 6.1 15.8 ney 
Transverse | 99 100 44 600 54 700, 87 500) 5.1 17.4 
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TABLE V.—Concluded. 


Nomi- Per cent iia Yield Strength, psi Elon- Rock- 
Thick-| Grain Direction |duction |Strength,| Modulus of. | sor 
by psi psi 0.2  |per cent 
cent | per cent 
Offset | Offset 
Extra-Harp TEMPER 
0.016! Longitudinal 43.5 |104 80048 300'66 900'102 300| 1.0 16.7 78.5 
45 deg 103 400 50 10058 300| 91 400 1.6 15.3 BS: & 
Transverse 106 200,45 we 200] 91 600) 2.4 17.2 
0.032; Longitudinal [48.9 [104 100/43 00054 700/100 2.5 16.5 80.5 
45 deg 99 800/39 800,55 900] 88 800! 2.9 14.7 ne 
Transverse 104 500/41 400/55 100] 91 200| 2.5 17.6 ae 
0.040] Longitudinal [52.1 200/41 700/57 200|102 2.5 16.4 81.2 
45 deg 106 400/38 900/55 100| 93 900! 3.5 15.7 wa 
Transverse 110 500/46 100|61 800] 96 3.6 17.6 
Spring TeMPerR 
0.013| Longitudinal |56.5 |109 800'48 300\58 200104 100! 0.6| 16.6 | 79.4 
45 deg 108 600 44 600/55 100 93 400, 0.8 15.4 ees 
Transverse 112 300,50 900/60 900) 96 500) 0.9 17.2 
0.025) Longitudinal (61.5 |113 800'42 000/55 3001106 2.0 15.9 81.6 
45 deg 113 50039 100|58 000 92 200, 2.5 15.3 ce 
Transverse 116 900/59 700,100 000) 2.9 17.9 
0.032; Longitudinal 62.3 [116 200/40 00059 200/108 2.0 16.2 82.3 
45 deg 115 400.39 00051 98 900} 3.0 15.7 
Transverse 121 100/47 400/62 000 104 000; 3.0 17.6 


* Nominal reduction. 
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Rockwell 30T WMoardness 


Per Cent Reduction by Cold Rolling 


_ Fic. 1.—Relation Between Tensile Strength and per cent Reduction by Cold Rolling. 


130 000 
° 
> 120000 
A 
Z ° 
110000 
4 
100 000 7 7 y 
9887 4) ol 
cy, ‘ 
/ 
90000 7 N 
/ 7p / 
Limits Tf Limits 
80000 
d 7 
/ Z 
70000 7 
/ 
l 
60000 
7 ? 18% Nickel Silver Strip 12% Nickel Silver Strip 
% 50000 
120000 7 
° 
a p 
4 2 
110 000 
A 
100000 
/ 
> 
lant Z ) 
90000 
/ » Proposed b 
y Specification 
4 Limits 
000 vA 
/ ° 
q 
¢ 
70000 4 
° 
/ 
60000 
12% Nickel Silver Strip 10% Nickel Silver Strip 
506805 10 20 30 40 50 60 70 Le) 10 20 30 40 50 60 70 


242 
J 
\ 
‘ 
‘ 
$ 
§ 4 
‘ 
a 
4 


On MECHANICAL PROPERTIES OF NICKEL SILVER ALLOY STRIPS 
110 
100 
90 
8d 
+ - B\ Je 
70 7 
y Limits / Limits 
60 7 
y 
50 
> 
40 
z 18% Nickel Silver Strip 12% Nickel Silver Strip 
8 30 
1 
= 
3 100 
90 
o 
| 
Cop 
70 
Proposed 
/ Specification 
/ Limits 
60 
50 
High-Copper ‘ 
12% Nickel Silver Strip 10% Michel Sitver Strip 
aC 30 
© 10 20 30 40 50 60 70 0 1 20 30 40 50 60 70 80 
Per Cent Reduction by Cold Rolling 
Fic. 2.—Relation Between Rockwell 30T Hardness and per cent Reduction by Cold Rolling. 


a 
= 
i 
: 


Report OF CoMMITTEE B-5 (APPENDIX III) 


18% Nickel Silver Strip 12% Nickel Silver Strip 
100 ws 25 
— 
80 
7 7 
4 A 
s F a 
ate 
-r= 12% Nickel Silver Strip 10% Nickel Silver Strip u 
=32 a ¢ 
= - 3 
= 3 
werrau 3 
— an 
15 
7 _— 
ot 
10 
20 
rt ° 10 20 30 40 $0 60 70 oO 10 20 30 40 50 60 70 8 
7 per cent Reduction by Cold Rolling 
O - Tensile Strength @ - Rockwell 30T 
A - Proportional Limit Modulus of Elasticity 
4 - Yield Strength at - Fatigue Strength at ! 
0.01% Offset 108 Cycles of 
x - % Flongation in 2? Inches Reversed Stress 
Fic. 3.—Effect of Cold Rolling on the Average Mechanical Properties of Some Nickel Silver 
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high-copper 10 per cent nickel alloys 
the maximum value of modulus is 
reached in the case of the half-hard and 


hard tempers, while for the high-copper 
12 per cent nickel alloys the peak in 
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values of the harder tempers (hard, 
extra-hard and spring) are not substan- 
tially different. 

Data on the fatigue characteristics of 
the 18 per cent alloys are given by Green- 
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modulus values between half-hard and 
hard tempers is absent, but the decrease 
for the harder tempers is evident. Here 
again additional studies appear to be 
warranted. 

As expected, the elongation for all 
four alloys decreases with increasing 
amounts of cold rolling. It should be 
noted that the high-copper 12 per cent 
nickel alloy has somewhat lower elonga- 
tion for the half-hard temper than do 
the other three alloys. The elongation 


10 | 
Number of Cycles —to—Foailure 
Fic. 8.—Bending Fatigue Properties of 12 per cent Nickel, Nickel Silver Strip. 


all and Gohn (2). Fatigue data on the 
standard 12 per cent nickel alloy are 
given in Figs. 4 to 8 in the form of 
S-N diagrams. Similar data for the high- 
copper 12 per cent nickel alloy are given 
in Fig. 9, while Fig. 10 shows the results 
of fatigue tests on the 10 per cent nickel 
alloy. The fatigue strengths at 10° cycles 
of reversed stress are given in Tables 
II to V, inclusive, for the four alloys 
studied. 
The fatigue strengths of the various 
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Fic. 11.—Effect of Grain Direction on Mechanical Properties of Nickel Silver Alloy Strips. 
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alloys studied vary somewhat with cold 
working. In the case of the 18 per cent 
nickel alloy a peak is reached in the 
case of hard temper, after which the 
fatigue strength falls off somewhat. The 
fatigue strength of the standard 12 per 
cent nickel alloy appears to be but little 
affected by cold working in excess of 11 
per cent, whereas the fatigue strengths 
of the high-copper 12 and 10 per cent 
nickel alloys are all improved slightly by 
additional amounts of cold rolling. 

In the determination of the mechan- 
ical properties of non-ferrous strip and 
sheet, test specimens are generally 
taken longitudinal, that is, parallel to 
the direction of rolling. Such tests are 
usually explicitly called for or implied in 
the various specifications covering the 
inspection and control of nickel silver 
strip. However, manufacturing econ- 
omies or engineering requirements fre- 
quently dictate that formed parts shall 
be blanked with the principal axis at an 
angle to the direction of rolling. For 
such applications the designer requires 
data showing the effect of grain direc- 
tion on the mechanical properties. Some 
data of this type are included in Tables 
II to V, inclusive. While the data are 
probably too few to justify any hard- 
and-fast conclusions, some discussion of 
the trends shown by the data (see Figs. 
11 and 12) may be helpful. 

In the annealed tempers, there is no 
significant variation in tensile strength 
with changes in grain direction. How- 
ever, as the amount of cold rolling in- 
creases the differences become more 
marked. For intermediate tempers (quar- 
ter-hard, half-hard, and hard) the 
tensile strength is usually greatest for 
longitudinal specimens and least for 
those taken at 45 deg to the direction of 
rolling. As the amount of cold working 
increases (for example, extra-hard, 
spring, and extra-spring tempers) the 
tensile strengths of the transverse 
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specimens tend to become greater than 
those of longitudinal specimens, while 
the tensile strengths of those taken at 
45 deg are the lowest for the three values 
of grain direction studied. 

In the annealed tempers, the lowest 
values of proportional limit were ob- 


18% Nickel Silver 
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Type A Copper 
7 Silicon 


Modulus of Elasticity, psi 
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12% Nickel Silver 
16 
- 
5% Tin Phosphor Bronze 
l l 
30 45-60-7580 


Angie Between Axis of Specimen 
and Groin Direction in Degrees 


Fic. 12.—Effect of Grain Direction on the 
Modulus of Elasticity. Thickness Range 0.010 
to 0.032 in. 


served in the longitudinal 
For intermediate tempers the propor- — 7 
tional limits were greater for the longi- 
tudinal specimens than for those taken 
transverse or at 45 deg to the direction _ 
of rolling. For the harder tempers the 
highest values were generally observed 
in the case of the transverse tests; the 
lowest for the specimens taken at ra 
deg. In general, maximum proportional 
limit values were reached with 37 to 50 
per cent cold working, and little appears 
to be gained by additional amounts of 
cold working. 

The yield strength data—both for 
values corresponding to 0.01 and 0.2 


22%!08 | 

— 
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NICKEL SILVER ALLOYS (STRIP). 
Longitudinal Tests 


TABLE VI.—COMPARISON OF AVERAGE MECHANICAL PROPERTIES OF FOUR 


Standard High High Co) 
18 cent 
| | Mera | 
ANNEALED TEMPER 
Tensile strength, psi. ...............0.. 66 000 62 400 62 100 
Proportional limit, pei... ........0.s000: 12 300 16 600 15 200 
Yield strength, psi: 
0.2 per cent offset...... 26 000 an 28 500 
Elongation in 2 in., per cent............. 41.2 59.0 ‘ ‘ 53.6 
Modulus of Elasticity, psi.............. 19 200 000 | 16 300 000 << 16 200 000 
Rockwell 30T h: 55.5 47.0 52.7 
Fatigue strength at 10° cycles of reversed 
16 500 20 000 
QuARTER-HARD TEMPER 
Tensile strength, pal. .......ccccccccees 73 000 79 100 69 800 
Proportional limit, psi...............00. 32 100 38 800 29 100 
Yield strength, psi: 
0.01 per cent offect. .......cccecccees 39 700 47 500 34 200 
56 700 79 200 50 500 
Elongation in 2 in., per cent............. 31.8 17.6 38.3 
Modulus of elasticity, psi............... 17 900 000 | 17 800 000 | 16 600 000 
Rockwell 30T hardness................. 68.6 73.4 62.5 
Fatigue strength at 10° cycles of reversed 
eee 25 000 25 000 27 000 
Hatr-Harp TEMPER 
83 700 82 500 96 700 76 400 
Proportional limit, pei... ..........eseeee 38 600 45 300 50 500 37 300 
Yield strength, psi: 
47 200 53 900 65 400 45 100 
ee 76 200 75 300 94 700 67 700 
Elongation in 2 in., per cent............ 13.1 15.8 2.5 23.2 
Modulus of elasticity, psi. .............. 18 700 000 | 17 400 000 | 17 200 000 | 17 100 000 
Rockwell 30T hardness................. 73.4 75.0 78.4 72.8 
Fatigue strength at 10° cycles of reversed 
25 000 26 000 26 000 24 000 
Harp TEMPER 
Tensile strength, psi............ jest ated 97 600 96 100 102 700 93 800 
Proportional limit, pei........ccccccces 43 600 46 800 51 800 44 400 
Yield strength, psi: 
63 700 59 400 65 100 55 400 
93 900 100 500 90 200 
Elongation in 2 in., per cent............. 2.4 2.6 2.5 3.9 
Modulus of elasticity, psi............... 19 200 000 | 18 400 000 | 17 600 000 | 17 100 000 
Rockwell 30T hardness................. 76.0 77.4 79.3 78.0 
Fatigue strength at 10*® cycles of reversed 
20 800 27 000 28 000 28 000 
Extra-Harp TEMPER 
Tensile 105 300 110 000 103 400 106 400 
Proportional limit, psi.................. 46 400 45 300 47 800 44 300 
Yield strength, psi: 
59 700 60 100 57 700 59 600 
102 000 104 400 100 400 108 500 
Elongation in 2 in., per cent............. 1.7 2.2 2.0 2.0 
Modulus of elasticity, psi............... 20 500 000 | 17 100 000 | 17 500 000 | 16 500 000 
Rockwell 30T hardness................. 78.3 80.6 80.3 80.1 
Fatigue strength at 10° cycles of reversed 
23 400 24 800 32 000 
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TABLE VI.—Concluded. 
Standard High Copper | High 
18 cent 
g 12 tt 12 t 10 
Nickel Alloy | Siti, | Aint, | 
Sprinc TemPer 
0:0 000 112 300 116 000 113 300 
Proportional limit, psi... ......0.ccccee. 48 600 48 900 47 300 
Yield strength, psi: 
68 000 65 700 58 800 
111 800 107 000 
Elongation in 2 in., per cent............. 1.6 1.8 1.5 
Modulus of elasticity, psi............... 20 500 000 | 17 500 000 | 16 700 000 
Rockwell 30T hardness................. 79.2 81.9 81.7 
Fatigue strength at 10° cycles of reversed 
24 700 31 000 


Exrra-Sprinc TEMPER 


Proportional limit, psi........cccccccces 48 900 
Yield strength, psi: 

0.2 per cent offset.......... an 
Elongation in 2 in., per cent 1.7 
Modulus of elasticity, psi............... jms 
Rockwell 30T hardness...............+- 79.8 
Fatigue strength at 10° cycles of reversed 


per cent offset—show no distinct trend. 
In general, the highest values were ob- 
served in the tests made on longitudinal 
specimens. Since the values differ by as 
much as 30 per cent, it is evident that 
additional data are required. 

The per cent elongation in 2 in. is 
generally the lowest for tests made on 
longitudinal specimens and highest for 
specimens blanked at 45 deg to the 
direction of rolling. 

It is customary to assume that the 
elastic modulus of a given material is 
constant. This assumption may lead 
to serious difficulties in engineering de- 
signs involving deflection rates for small 
flat springs. As may be seen from the 
data given in Tables II to V and in Fig. 
3, the modulus of elasticity is not con- 
stant. At 45 deg, the values are as much 
as 14 per cent lower than those reported 
for longitudinal specimens, while for 
transverse specimens the values are 


generally higher, in some cases by as 
much as 10 per cent. 

The results of a more detailed study 
of the effect of grain direction on the 
modulus of elasticity for extra-hard 
temper 18 and 12 per cent nickel silver 
strip ranging in thickness from 0.010 to 
0.032 in. are given in Fig. 12. This 
shows a drop of approximately 10 per 
cent at 45 deg and an increase of about 
5 per cent for the transverse tests. Since 
these values will vary slightly for other 
tempers and thicknesses, additional data 
are required. Furthermore, it should not 
be assumed that all non-ferrous ma- 
terials will show a similar relationship 
between modulus of elasticity and the 
rolling or grain direction. For example, 
typical curves for spring temper type A 
copper silicon alloy strip and for spring 
temper 5 per cent tin phosphor bronze 
strip (Fig. 12) do not show the dip at 
45 deg which characterizes the nickel 
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silver alloys. It would therefore appear 
necessary to establish this relationship 
for the various alloys for use in critical de- 
signs. 

Too few data are available to permit 
any general conclusions as to the effect of 
grain direction on fatigue strength. The 
data which are available indicate slightly 
higher fatigue strengths for transverse 
specimens than for longitudinal speci- 
mens. 

From the data available it would ap- 
pear that grain direction markedly ef- 
fects the mechanical properties of nickel 
silver alloys. Adequate data for engi- 
neering use are lacking and further work 
is indicated for design applications. 

Studies of the tabulated data, and 
particularly the average data presented 
in Fig. 3 and Table VI, indicate that 
the standard 12 per cent alloy has 
mechanical properties comparable to 
those of the 18 per cent alloy. Hence, 
this material can be substituted in lieu 
of the 18 per cent nickel silver alloy for 
spring applications. The only significant 

difference between the two alloys dis- 
closed by these tests is the slightly lower 
ies of elasticity of the 12 per cent 


(1) J. R. Townsend, W. A. Straw, and C. H. 
Davis, “Physical Properties and Methods 
of Test for Some Sheet Non-Ferrous 

= Metals,” Proceedings, Am. Soc. Testing 

Mats., Vol. 29, Part II, p. 381 (1929). 

C. H. Greenall and G. R.’Gohn, “Fatigue 

: Properties of Non-Ferrous Sheet Metals,” 

Proceedings, Am. Soc. Testing Mats., Vol. 

37, Part II, p. 160 (1937). — 
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alloy. This means that where the rate of 
build-up is critical it may be necessary to 
use slightly heavier stock in the 12 per cent 
alloy to obtain comparable load-deflection 
characteristics. The data further indi- 
cate that the increase in copper content 
to a nominal value of 60 per cent has no 
deleterious effect on the mechanical 
properties of the 12 per cent alloy, 
whereas decreasing the nickel content to 
a nominal value of 10 per cent somewhat 
impairs the elastic properties. While the 
10 per cent alloy has fatigue charac- 
teristics comparable to those of the 12 
and 18 per cent alloys, its lower elastic 
properties preclude its use in spring ap- 
plications. 
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Committee B-6 held two meetings 
during the year: one in Atlantic City, 
N. J., on July 1, 1953, and one in Wash- 
ington, D. C., on February 3, 1954. 

There was a balance of $2762.56 in 
the funds of Committee B-6 as of De- 
cember 11, 1953. 

At the present time, the committee 
consists of 90 members, of whom 44 are 
classified as producers, 24 as consumers, 
and 22 as general interest members. 

D. H. Kleppinger was appointed 
Chairman of Subcommittee V and as 
the replacement for Sam Tour on the 
Advisory Committee on Corrosion. 

A. T. Lillegren was appointed as the 
committee’s representative on Com- 
mittee E-11 on Quality Control of Ma- 
terials. 

The election of officers for the ensuing 
term of two years resulted in selection 
of the following: 

Chairman, W. Babington. 

Vice-Chairman, A. E. Weiss. 

Secretary, G. L. Werley. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 

Subsequent to the 1953 Annual Meet- 
ing, Committee B-6 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation that the Standard Specifica- 
tions for Zinc-Base Alloy Die Castings 
(B 86-52) be revised and reverted to 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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tentative. The revision consisted of a 
change in the maximum limit for copper 
in Alloy XXIII in Table I from 0.10 
to 0.15 per cent. cr 

This recommendation was accepted ~ 
by the Standards Committee on Sep- 
tember 9, 1953, and the tentative speci- 
fications appear in the 1953 Supplement 
to Book of ASTM Standards, Part 2. 


REVISION OF TENTATIVE 


The committee recommends revisions — 
in the Tentative Specifications for 
Aluminum-Base Alloy Die Castings 
(B 85 - 52 T)! as follows: 

Section 1.—Revise to include 11 in- 
stead of the present 10 alloys. 

Table I.—Add the following alloy: 


SC114A 

Aluminum, per cent.......... 
Copper, per cent............. 
Iron, max, per cent........... 
Silicon, per cont. 
Manganese, max, per cent..... 
Magnesium, max, per cent.. .. 
Zinc, max, per cent........... 
Nickel, max, per cent......... 
MOE, POF 
Other constituents, except alu- 

minum, max (total), per cent. 


A ppendix.—Delete the appendix and 
add a note to the effect that the deletion 
is temporary pending the accumulation 
of new mechanical property data. 


remainder 
3.0 to 4.5 


3 
10.5 to 12.0 


0.5 
0.1 
1.0 
0.5 
0.3 


0.5 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Specifications for Zinc-Base 


1 1952 Book of ASTM Standards, Part 2. 7 


Alloys in Ingot Form for Die Castings 
(B 240 —- 52 T) be continued as tentative 
without revision. 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, the re- 
sults of which will be reported at the 
Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum-Base 
Die-Casting Alloys (E. V. Blackmun, 
chairman) reports that revision of the 
table in the Appendix of Specification 
B85-52T cannot be undertaken at 
this time due to the lack of sufficient 
suitable data. A program has been 
initiated whereby test bars were die 
cast for all of the aluminum alloys and 
the desired mechanical property data 
will soon be available. In the meantime, 
as indicated above, the committee has 
recommended that the Appendix in 
Specification B85 be _ temporarily 
omitted. 

In view of the substantial tonnage of 
an 11 Si, 3.5 Cu aluminum alloy being 
used for large thin-walled die castings, 
the committee has recommended the 
inclusion of this alloy (SC114A) in 
Specification B 85 —- 52 T. The following 
supporting data were submitted by the 
Apex Smelting Co. and the American 
Smelting and Refining Co.: 


Data Supplied by Apex Smelting Co.: 

The data supplied by both Apex and 
American Smelting and Refining Co. 
are for information only and are not 
intended as typical properties for use in 
the Appendix to the specification. 


Apex No..... a% 39 39-11 
ALCOA No... ice 380 384 
Iron, per cent........ 1.10 1.26 


Tensile strength, psi.. 43 100 43 200 
Yield strength, psi.... 23 000 27 000 
Elongation, per cent. . 3.1 2.0 


2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Charpy impact, ft-lb. . 2.2 
Brinell hardness...... 83 95 
Tensile strength at 

27 800 32 400 
Elongation at 400 F, 

per cent........... 5.3 2.9 


2 
Pressure tightness. ... 2 
Die filling capacity. . . 2 a 
Resistance to corrosion 4 3 
Machining........... 3 4 
3 4, 
Electroplating........ 1 2 
Anodizing. .......... 3 
Chemical oxide coating 5 


(The physical characteristics are rated 
(1) to (5), (1) being the best and (5) the 
least desirable alloy.) 


Data Supplied by the American Smelting 
and Refining Co.: 


Two different die casters produced 
the test bars using commercial die-cast- 
ing practice. Results of these tests are 
shown in Tables I and II. 

Subcommittee II on Zinc-Base Die- 
Casting Alloys (A. E. Weiss, chairman) 
reports progress on the establishment of 
specification limits for tramp elements 
in zinc die-casting alloys. Only the limit 
for silicon remains to be set. 

The committee has recommended that 
the Tentative Specifications for Zinc- 
Base Alloys in Ingot Form for Die Cast- 
ings (B240-52T) be continued as 
tentative without revision. 

One provision of specification writing 
subcommittees is that at least one half 
of the membership shall be composed of 
consumer and general interests. This 
subcommittee is not properly constituted 
but will be reorganized promptly either 
by dropping some producer members or 
by adding more consumer and general 
interest members. 

Subcommittee V on Exposure and Cor- 
rosion Tests (D. H. Kleppinger, chair- 
man) reports that the aluminum alloy 
test bars of SC84A, with varying 
amounts of zinc additions, have been 
exposed as planned. The committee is 
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also laying plans to test, later this year, Bruno Sachs, a member of this sub- 
two aluminum alloys which will then committee, was published in the Sep- — 
have been exposed for 10 yrin New York tember, 1953, issue of the ASTM _ 
City and three aluminum alloys from Butrerin? 
both Altoona and New York after 20 - 
yr of exposure. This report has been submitted to : 
Subcommittee VIII on Brass Die-Cast- \etter ballot of the committee, which 
ing Alloys (J. C. Fox, chairman) reports consists of 90 members; 82 members re- 


TABLE I.—CHEMICAL COMPOSITION. 


Chemical Composition, per cent 
Producer 
Copper Silicon Magnesium Zinc Iron Manganese | Nickel 
A 3.55 10.70 Nil 0.35 See below 0.31 0.23 
B 3.45 10.43 0.01 0.43 0.78 0.48 0.01 
TABLE II.—PHYSICAL PROPERTIES. 
Pouring | tron Yield | Elo 
per Number of Bars Tensile Strength, psi| Strength, | tion, Hardness 
deg Fabr | cent psi per cent 
Producer A: 
1100 0.80 6 (low 42 300 26 100 1.0+ Rockwell B 65 
(high) 46 500 27 600 1.5 
(avg.) 44 600 26 800 1.5 
1150 0.93 44 400 26 500 1.5 Rockwell B 66 
46 500 27 800 2.0 
45 000 26 900 4.§ 
1200 1.10 7 43 800 25 700 1.5 Rockwell B 65 
47 300 26 700 2.0 
45 500 26 400 1.3 
1250 1.50 6 45 300 25 500 1.5 Rockwell B 65 
49 600 27 100 2.0 
47 800 26 200 1.5 
1300 1.14 6 46 500 24 600 2.0 Rockwell B 63 
48 600 25 900 3.0 
47 300 25 200 2.0+ 
Producer B: = 
1200 0.78 34—Tensile 37 000 20 000 2.0 Rockwell B 59 
17—Yield i 47 000 24 800 2.5 BHN 80 
17—Elongation 42 600 22 000 2.0+ 
97 Charpy Impact, ft-lb 2.5 


that test bars are being prepared by turned their ballots, of whom 80 have 
Doehler-Jarvis and the Titan Metals yoted affirmatively and 0 negatively. 
Manufacturing Co. to determine the 

effects of 0.05 to 0.75 per cent iron in 

brass alloy ZS331A with the aim of Respectfully submitted on behalf of 
raising the iron limit in this alloy if it the committee, 

can be done without any deleterious 


effects. W. BABINGTON, 
Subcommittee IX on Die-Casting Proc- = : Chairman. 
esses (A. E. Martin, chairman) reports G.L 
that the Dollin Corp. donated the ASTM 
Secretary. 


test casting die to the committee. aa 


A paper entitled “An Analytical 3ASTM ButueTn, No. 192, September, 
Study of the Die-Casting Process” by 1953, p. 27 (TP 117). 


Committee B-7 on Light Metals and 
Alloys held two meetings during the 
year: one at Atlantic City, N. J., in 
June, 1953, and one in Washington, 
D. C., in February, 1954. 

The committee consists of 89 members, 
of whom 86 are voting members; 45 are 
classified as producers, 30 as consumers, 
and 14 as general interest members. 

F. M. Howell was appointed Com- 
mittee B-7 representative on the Com- 
mittee E-1 Task Group on Bend Testing. 

The election of officers for the en- 
suing term of two years resulted in the 
selection of the following: 

Chairman, I. V. Williams. 


Vice-Chairman, C. B. Gleason. 
Secretary, R. B. Smith. 
REVISION OF TENTATIVES 


The committee recommends that the 
following 13 tentatives be revised as set 
forth in the Appendix of this report: 
Tentative Specifications for: 

Aluminum-Base Alloy Sand Castings (B 26- 

52 T)? 

Magnesium-Base Alloy Forgings (B 91 -49 T),? 
Aluminum-Base Alloy Permanent Mold Cast- 

ings (B 108 - 52 T)2 
Aluminum and Aluminum-Alloy Sheet and 

Plate for Pressure Vessel Applications (B 178 - 

53 

Aluminum and Aluminum-Alloy Sheet and 
Plate (B 209 53 
Aluminum-Alloy Drawn 

(B 210-53 T),? 
Aluminum and Aluminum-Alloy Bars, Rods, 

and Wire (B 211 - 53 T),? 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 See p. 263. 

21952 Book of ASTM Standards, Part 2. 

31953 Supplement to Book of ASTM Stand- 
ards, Part 2. 
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Aluminum and Aluminum-Alloy Extruded Bars, 
Rods, and Shapes (B 221 - 53 T),® 

Aluminum-Alloy Extruded Tubes (B235- 
53 

Aluminum-Alloy Pipe (B 241 - 53 T),? 

Aluminum-Alloy Die Forgings (B 247 - 50 T),? 

Aluminum and Aluminum-Alloy Bars, Rods, 
and Shapes for Pressure Vessel Applications 
(B 273 - 53 T),? and 

Aluminum and Aluminum-Alloy Pipe and Tube 
for Pressure Vessel Applications (B274- 
53 T)? 

TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following four tentative specifications, 
which have stood for two years or more 
without revision, be continued as tenta- 
tive because it is anticipated that new 
alloys will be added to the specifications 
or changes made in the requirements: 


Tentative Specifications for: 

Magnesium-Base Alloy Sheet (B 90-51 T), 

Magnesium-Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Permanent Mold 
Castings (B 93 - 52 T), 

Magnesium-Base Alloy Permanent Mold Cast- 
ings (B 199 - 51 T),®* and 

Aluminum Bars for Electrical Purposes (Bus 
Bars) (B 236 - 52 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum and 
Aluminum Alloy Ingots (R. A. Quadt, 
chairman) is preparing a revision of the 

% See Editorial Note, p. 262. 

4 The letter ballot vote on these recommenda- 
tions was favorable; the resu’ts of the vote are 


rd at ASTM H uarters. 
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Tentative Specifications for Aluminum- 
Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Permanent 
Mold Castings (B 179 - 53). 

Subcommittee II on Aluminum Alloy 
Castings (D. L. Colwell, chairman) pre- 
pared revisions of the Tentative Speci- 
fications for Aluminum-Base Alloy Sand 
Castings (B 26 - 52 T)** and Aluminum- 
Base Alloy Permanent Mold Castings 
(B 108 - 52 T),®* as set forth in the Ap- 
pendix I to this report, to add minimum 
yield strength requirements for use 
when required for such applications as 
pressure vessels. 

Subcommitiee III on Wrought Alumi- 
num and Wrought Aluminum Alloys (P. V. 
Faragher, chairman) prepared revisions 
of ten of the Tentative Specifications, set 
forth in the Appendix to this report, to 
bring them into agreement with industry 
standards, and is progressing on revision 
of the Tentative Specifications for 
Aluminum Bars for Electrical Purposes 
(Bus Bars) (B 236-52 T). 

Subcommittee IV on Magnesium and 
Magnesium Alloys, Cast and Wrought 
(A. A. Moore, chairman) prepared a re- 
vision of the Tentative Specifications for 
Magnesium-Base Alloy Forgings (B 91 - 
49 T), as set forth in the Appendix to 
this report, to add alloy ZK60A, and 
is progressing on revision of the Tenta- 
tive Specifications for Magnesium-Base 
Alloy Sand Castings (B 80 —- 53 T)** and 
Magnesium-Base Alloy Permanent Mold 
Castings (B 199 - 51 T)** to add a tabu- 
lation of the properties and character- 
istics of magnesium casting alloys. 

Subcommitiee V on Testing Light 
Metals (R. L. Templin, chairman) has 
sought the assistance of Committee 
E-11 on Quality Control of Materials in 
establishing lot sizes to be used in de- 
fining a statistically satisfactory sam- 
pling method for the frequency of 
mechanical testing requirements. 

Subcommittee VI on Anodic Oxida- 
tion of Aluminum and Magnesium Alloys 
(Fred Keller, chairman) is progressing 
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on development of specifications for 
anodic coatings for various applications 
and of engineering data on the character- 
istics affecting the performance of anodic 
coatings on the various aluminum alloys 
and products. 

Subcommitiee VII on Codification of 
Light Metals and Alloys, Cast and 
Wrought (R. B. Smith, chairman) has 
prepared two proposed Tentative 
Recommended Practices for Temper 
Designations of Light Metals and Alloys, 
Cast and Wrought, and is attempting 
to determine which should be recom- 
mended for publication. 

Subcommitiee VIII on Atmospheric 
Exposure Tests (L. H. Adam, chairman) 
has test specimens of 27 aluminum and 
10 magnesium alloys installed at four 
of the five Society atmospheric exposure 
test sites: for two years on top of the 
Port of Authority Building, New York 
City, for industrial atmospheric condi- 


tions; two years at State College, Pa., © 


for rural atmospheric conditions; one 
and a half years at Kure Beach, N. C., 
for Atlantic Coast marine, and one year 
at Point Reyes, Calif., for Pacific Coast 
marine atmospheric conditions. It is ex- 
pected that installation of specimens will 
be completed by June, 1954, at the 
Freeport, Tex., Gulf Coast marine site. 
A paper on “Atmospheric Exposure of 
Aluminum and Magnesium Sand and 


Permanent Mold Castings” represented 


by these specimens is appended to this 
report.® 


This report has been submitted to a 
letter ballot of the committee, which 
consists of 90 members; 593 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 


the committee, 
I. V. 
Chairman. 


R. B. Smirn, 
Secretary. 


See p. 270. 
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EpitorIAL 


___. Subsequent to the Annual Meeting, Committee B-7 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


Tentative Recommended Practice for: 
Temper Designation of Light Metals and Alloys, Cast and Wrought (B 296 — 54 T). 


Revision of Tentative Specifications for: 


Aluminum-Base Alloy Sand Castings (B 26-54 T), 

Magnesium-Base Alloy Sand Castings (B 80 - 53 T), 

Aluminum-Base Alloy Permanent Mold Castings (B 108 - 54 T), 

Aluminum and Aluminum-Alloy Sheet and Plate for Pressure Vessel Applications 
(B 178 - 54 T), 

Aluminum and Aluminum-Alloy Sheet and Plate (B 209 — 54 T), 

Magnesium-Base Alloy Permanent Mold Castings (B 199 — 51 T), 

Aluminum and Aluminum-Alloy Extruded Bars, Rods, and Shapes (B 221 — 54 T), 
and 

Aluminum-Alloy Drawn Seamless Tubes for Condensers and Heat Exchangers 
(B 234 — 53 T). 


The revisions of Specifications B 26 and B 108 were accepted by the Standards Com- 
mittee on November 5, 1954, and the remaining recommendations were accepted on 
September 28, 1954; all appear in the 1954 Supplement to Book of ASTM Standards, 
Part 2. 
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APPENDIX I 


RECOMMENDATIONS AFFECTING STANDARDS FOR LIGHT 
METALS AND ALLOYS, CAST AND WROUGHT 


In this Appendix are given the recom- The standards appear in their present 
mendations affecting certain standards form in the 1952 Book of ASTM Stand- 
covering light metals and alloys which ards, Part 2, or the 1953 Supplement to 
are referred to earlier in this report. Book of ASTM Standards, Part 2. 


TABLE I.—TENSILE REQUIREMENTS. 
(Revisions in Table II of B 26 - 52 T) 


Yield Strength, 

Alloy Condition a .2 per cent 

set), min, psi 
T4 (solution heat treated) 13 000 
C4A T6 (solution treated and aged) 20 000 
T62 (solution treated and aged) 28 000 
T7 (solution treated and over-aged) 16 000 
T61 (solution treated and aged) | eeeeee 
T21 (annealed) 
CN42A.... 2.200000. { T61 (solution treated and aged) 20 000 
ers F (as cast) 12 000 
F (as cast) 12 000 
F (as cast) 9 000 
T4 (solution heat treated) 22 000 
F (as cast) 10 000 
F (as cast) 6 000 
F (as cast) 7 000 
T6 (solution treated and aged) 20 000 
SC51A T51 (aged) 18 000 
T71 (solution treated and over-aged) 22 000 
F (as cast) 12 000 
BCOIB.......-2+ 2000 { T6 (solution treated and aged) 20 000 
F (as cast) 14 000 
BCOAC...........+4. { T6 (solution treated and aged) 20 000 
F (as cast) 14 000 
BCEZA.........s000e { T6 (solution treated and aged) 21 000 
T6 (solution treated and aged) 20 000 
{ 51 (aged) 16 000 
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_ REVISIONS OF TENTATIVE 
SPECIFICATIONS 


The committee recommends that the 
following 13 tentative specifications be 
revised as indicated below and con- 
tinued as tentative. 


TABLE II.—TENSILE REQUIREMENTS. 
(Revisions in Table If of B 91-49 T) 


Yield Flonga- 
5 Tensile tion in 
Alloy Strength, 2 in., 
min, 
per cent 
ZK60A-T5—Die 
forgings.......... 42 000°| 26 000°| 7.0° 
ZK60A-T5—Hand 
forgings.......... 38 000°} 20 000°| 7.0° 


’ Applicable for forgings not more than 3 in. 
in thickness. 

* Applicable for forgings not more than 6 in. 
in thickness. 


Specifications for Aluminum-Base Alloy 
Sand Castings (B 26 — 52 T):!- 


Section 6(a).—Revise to read as 


follows: 


6. (a) The tension test specimens representing 
the castings shall conform to the requirements 
as to tensile properties prescribed in Table IT. 
Yield strength tests are included for highly 
stressed applications such as pressure vessels, 
and need not be made unless specifically indi- 
cated in the contract or purchase order. It is 
desirable to avoid yield strength determinations 
whenever possible on alloys of less than 1 per 
cent minimum required elongation because of 
possible damage to the extensometer. 


Table II.—Revise by the addition of 
minimum yield strength requirements 
for the alloys shown in the accompanying 
Table I. 

Table IV.—Delete, since typical yield 
strengths are replaced with minimum 
yield strength requirements in Table II. 

Table V.—Renumber as Table IV, 
and revise the approximate melting 
range for alloy ZG32A from ‘1030 to 
1175” to “1105 to 1180” F, and for 


1 1952 Book of ASTM Standards, Part 2. 
1 See Editorial Note, p. 262. 
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alloy ZG42A from “1020 to 1170” to 
“1085 to 1165” F. 


Specifications for Magnesium-Base Alloy 
Forgings (B 91 - 49 T):! 


Table I.—Add requirements for alloy 
ZK60A as follows: 


Magnesium, per cent.......... remainder 
re 4.8 to 6.2 
Zirconium, min, per cent....... 0.45 
Other impurities, max, per cent.. 0.3 
TABLE III. 
(Revisions in Table III of B 91 - 49 T) 
Yield Unit 
Strength |Deformation, 
Alloy (0.2 per cent| inch per 
offset), min, | inch of 
psi 
ZK60A-T5—Die forg- 
26 000 0.0060 
ZK60A-T5—Hand 
Table II.—Add_ requirements for 


alloy ZK60A-T5 as shown in accom- 
panying Table IT. 

Table III.—Add_ requirements for 
alloy ZK60A-T5 as shown in accom- 
panying Table ITI. 

Explanatory Note 2.—Add the fol- 
lowing: 


Alloy ZK60A.—This alloy has a specific 
gravity of about 1.83. It has excellent press 
forging characteristics and the best combination 
of strength and ductility of the magnesium forging 
alloys. 


Specifications for Aluminum-Base Alloy 
Permanent Mold Castings (B 108 — 52 
T) ,la 
Section 6(a).—Revise to read as 

shown in Section 6(a) of Specifications 

B 26 above. 

Table II.—Revise by the addition of 
the minimum yield strength require- 
ments for the alloys shown in the ac- 
companying Table IV. Add the alloy 
GS42A....F (as cast) with requirements 
for Tensile Strength, min, of 19,000 
psi; and for Elongation in 2 in., min, 
of 1.5 per cent. 
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Table IV.—Delete, since typical yield 
strengths are replaced with minimum 
yield strength requirements in Table II. 

Table V.—Renumber as Table IV 
and revise the approximate melting 
range for alloy ZG32A from “1030 to 


TABLE IV.—TENSILE REQUIREMENTS. 
(Revisions in Table II of B 108 — 52 T) 
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follows: 


7. Tension test specimens for sheet or plate 
of alloys 990A, 996A, GiA, GR20A, GR40A, 
Clad M1A, MGI1A, and Clad MG11A 
shall be taken parallel to the direction of rolling; 
for sheet or plate of alloys GS11A and Clad 
GS11A the tension test specimen shall be taken 


Yield Strength 
Alloy Condition (0.2 per cent 
offset), min, psi 
CG100A. { T65 (solution treated and aged) =| 
{ T61 (solution treated and aged) | 
T4 (solution heat treated) 15 000 
T6 (solution treated and aged) 22 000 
T7 (solution treated and over-aged) 16 000 
T5 (aged) 25 000 
F (as cast) 14 000 
F (as cast) b 
F (as cast) 12 000 
F (as cast) 6 000 
RRS eee F (as cast) 7 000 
T6 treated and aged) 23 000 
F (as cast) 13 000 
SCOAB.........+.... { T61 (solution treated and aged) 26 000 
F (as cast) 15 000 
T5 (aged) 26 000 
BC122A...........+. { T65 (solution treated and aged) 32 000 
T6 (solution treated and aged) 22 000 
SN122A............. { T65 (solution treated and aged) | 
+ Not required. 


1175” to “1105 to 1180” F, and for 
ZG42A from “1020 to 1170” to “1085 
to 1165” F. 

Specifications for Aluminum and Alumi- 
num-Alloy Sheet and Plate for 
Pressure Vessel Applications 
(B 178 53 T):'*2 
Section 7.—Delete the note, and 

revise the first sentence to read as 


21953 + ee to Book of ASTM Stand- 
ards, Part 


perpendicular to the direction of rolling for 
widths 9 in. and greater, and parallel to the 
direction of rolling for widths less than 9 in. +, 


Table I.—For alloy 990A revise the a 
manganese limit of “0. 10” to “0.05” | 


limit of “0.25” to “0.20,” the iron 
limit from “0.8” to “0.7,” the silicon 
limit from “0.50” to “0.40,” and the 
manganese limit from “0.15” to “0. 10” 
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of Clad GS11A revise the zinc limit 
from 0.20” to “0.25” per cent. 

Table II.—For alloy GR40A-O add 
a maximum tensile strength requirement 
of 41,000 psi in addition to the minimum 
requirement of 30,000 psi now specified. 
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taken perpendicular to the direction of rolling 
for widths 9 in. and greater, and parallel to the 
direction of rolling for widths less than 9 in. 


Table I.—For alloy 990A revise the 
manganese limit from “0.10” to “0.05” 
per cent. For alloy CG42A and the core 


TABLE V.—TENSILE REQUIREMENTS. 
(Revisions in Table II of B 210 - 53 T) 


Elongation in 
Tensile Strength, Yield Strength, - 2 in. or 4 X 
psi psi Diameter, 
min, per cent 
Alloy Temper Wall 
° Full- | Cut- 
Min Max Min Max | ction 
mens | mens 
0.010 to 0.500 22 000 14 000 
0.025 to 0.049 | 30 000 16 000 — 16 14 
_ ae 0.050 to 0.259 | 30 000 16 000 ar 18 16 
GS11C.... 4 0.260 to 0.500 | 30 000 16 000 jnwia 20 18 
0.025 to 0.049 | 42 000 35 000 nae 10 8 
caine 0.050 to 0.259 | 42 000 35 000 aie 12 10 
0.260 to 0.500 | 42 000 35 000 ‘cen 14 12 
TABLE VI.—TENSILE REQUIREMENTS. 
(Revisions in Table II of B 221 - 53 T) 
: Fensile Strength, Yield Strength, Elongation 
Temper psi psi 4x 
Min Max Min 
Up to 0.124 32 000 25 000 | 8.0 
GSI0A....... 3B... { 0.125 to 0.500 | 32 000 25 000 10.0 
all sizes ... | 22000] ... | 16000] 16.0 
all sizes 26 000 16 000 16.0 
allsizes 38:«000 35 000 10.0 


Specifications for Aluminum and Alumi- 
num-Alloy Sheet and Plate 
(B 209 53 T):'* 


Section 8(a).—Delete the note, and 
revise the first sentence to read as 
follows: 


8. (a) Tension test specimens for sheet or 
plate of alloys 990A, GiA, GR20A, M1A, and 
MGIIA shall be taken parallel to the direction 
of rolling; for sheet or plate of alloys CG42A, 
Clad CG42A, Clad CS41A, GS11A, ZG62A, and 
Clad ZG62A the tension test specimen shall be 


of Clad CG42A revise the zinc limit 
from “0.10” to “0.25” per cent and the 
chromium limit from “0.25” to “0.10” 
per cent. For the core of Clad CS4iA 
alloy revise the chromium limit from 
0.25” to “0.10” per cent. For alloy 
GIA revise the copper limit from “0.25” 
to “0.20,” the iron limit from “0.8” to 
“0.7,” the silicon limit from “0.50” 
to “0.40,” and the manganese limit 
from “0.15” to “0.10” per cent. For 
alloy GS11A revise the zinc limit from 
“0.20” to “0.25” per cent. 
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Specifications for Aluminum-Alloy 
Drawn Seamless Tubes (B 210- 
53 T)2 


Table I.—For alloy CG42A revise the 
zinc limit from “0.10” to “0.25” per 
cent and the chromium limit from 
“0.25” to “0.10” per cent. For alloy 
G1A revise the copper limit from “0.25” 
to “0.20,” the iron limit from ‘0.8” 
to “0.7,” the silicon limit from “0.50” 
to “0.40,” and the manganese limit from 
“0.15” to “0.10” per cent. For alloy 
GS11A revise the zinc limit from “0.20” 
to “0.25” per cent. Add requirements 
for alloy GS11C as follows: 


Aluminum, per cent........... remainder 
Copper, per cent.............. 0.15 to 0.40 
0.7 
Silicon, per cont. 0.40 to 0.8 
Manganese, per cent.......... 0.15 
Magnesium, per cent.......... 0.8 to 1.2 
0.25 
Chromium, per cent........... 0.04 to 0.14 
Titanium, per cent............ 0.15 
Other elements, each, per cent... 0.05 
Other elements, total, per cent. . 0.15 
Table II.—Add_ requirements for 


alloy GS11C as shown in the accom- 
panying Table V. 

Table II I.—Revise the headings of the 
second and fourth columns to add alloy 
GS11C. 

Table IV.—Revise the headings of the 
second and fourth columns to add alloy 
GS11C. 


Specifications for Aluminum and Alumi- 
num-Alloy Bars, Rods, and Wire 
(B 211-53 T)? 

Table I.—For alloy 990A revise the 
manganese limit from “0.10” to “0.05” 
per cent. For alloys CG42A and CM41A 
revise the zinc limit from “0.10” to 
“0.25” per cent and the chromium 
limit from “0.25” to “0.10” per cent. 
For alloy CB60A revise the limit for 
other elements, total, from “0.20” to 
“0.15” per cent. For alloy GS11A revise 
the zinc limit from “0.20” to “0.25” per 
cent. Delete alloy CM41B and all 


requirements pertaining to it. In Foot- 
note c delete CM41. 

Table II.—Delete alloy CM41B and 
all requirements pertaining to it. 


Specifications for Aluminum and Alumi- 
num-Alloy Extruded Bars, Rods, and 
Shapes (B 221-53 T):'*? 

Table I.—For alloy 990A revise the 
manganese limit from “0.10” to “0.05” 
per cent. For alloy CG42A revise the 
zinc limit from “0.10” to “0.25” per 
cent and the chromium limit from 
“0.25” to “0.10” per cent. For alloy 
GS10A revise the iron limit from “0.50” 
to “0.35” per cent and the magnesium 
range from “0.45 to 0.85” to “0.45 to 0.9” 
per cent. For alloy GS11A revise the zinc 
limit from “0.20” to “0.25” per cent. For 
alloy GS11B delete the titanium limit of 
“0.15” per cent. Add requirements for 
alloy GS11C as given for Table I of Spec- 
ifications B210 above. 

Table II.—Add requirements for 
alloy GS10A-T6 and alloy GS11C as 
shown in the accompanying Table VI. 


Specifications for Aluminum-Alloy Ex- 

truded Tubes (B 235-53 T): 

Table I.—For alloy CG42A revise the 
zinc limit from “0.10” to “0.25” per 
cent. For alloy GS10A revise the iron 
limit from “0.50” to “0.35” per cent. 
For alloy GS11A revise the zinc limit 
from “0.20” to “0.25” per cent. Add 
requirements for alloy GS11C as given 
for Table I of Specifications B210 above. 

Table II.—Add requirements for 
alloy GS11C as shown in the accom- 
panying Table VII. 


Specifications for Aluminum-Alloy Pipe 
(B 241 53 T)? 
Section 12(b).—Revise the third line 
to change temper F to temper H112. 
Table I.—For alloy GS10A revise the 
iron limit from “0.50” to “0.35” per cent 
and the magnesium range from “0.45 to 
0.85” to “0.45 to 0.9” per cent. For alloy 
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GS11A revise the zinc limit from “0.20” 
to “0.25” per cent. Add requirements for 
alloy GS11C as given for Table I of 
Specifications B210 above. 

Table II.—¥For alloy M1A change 
temper F to temper H1i12. Add require- 
ments for alloy GS11C as shown in the 
accompanying Table VIII. 

Table III.—Revise the headings of 
columns 4 and 7 to add alloy GS11C. 
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1.2” to “0.8 to 1.2” per cent, and the 
zinc limit from “0.20” to “0.25” per 
cent. For alloy GS11B delete the 
titanium limit of “0.15” per cent. For 
alloy M1A revise the iron limit from 
“0.70” to “0.7” per cent and the silicon 
limit from ‘0.60” to “0.6” per cent. 
For alloy SG11A revise the silicon range 
from “0.60 to 1.2” to “0.6 to 1.2” per 
cent and the magnesium range from 


TABLE VII.—TENSILE REQUIREMENTS. 
(Revisions in Table II of B 235 - 53 T) 


; Tensile Strength, Yield Strength, Elongation 
Alloy Temper Wall Thickness, psi psi 2 in. or 
Min | Max | Min Max | ™in, per cent 
| eee 0.050 and over | 22 000 16 000 16 
GS11C..... . Seer 0.050 and over 26 000 16 000 eee 16 
. a 0.050 and over 38 000 35 000 ee 10 
0.050 and over 35 000 26 000 10 
4 Not required. 
TABLE VIII.—TENSILE REQUIREMENTS. 
(Revisions in Table II of B 241 - 53 T) 
Elongation 
Tensil Yield P 
Alloy Temper Pipe Size, in. Strength, | Strength, | in 2 in. or 4x 
min, psi min, psi per cent ° 
Under 1 42 000 35 000 12 
{ 38 000 35 000 10 


Specifications for Aluminum-Alloy Die 
Forgings (B 247 —- 50 T):! 


Table I.—For alloy CN42C revise the 
silicon limit from “0.90” to “0.9” per 
cent and the magnesium range from 
0.45 to 0.90” to “0.45 to 0.9” per cent. 
For alloy CN42D revise the silicon 
limit from “0.90” to “0.9” per cent and 
delete the titanium limit of “0.05” per 
cent. For alloy CS41A revise the mag- 
nesium range from “0.20 to 0.80” to 
“0.20 to 0.8” per cent. For alloy GS11A 
revise the iron limit from “0.70” to 
“0.7” per cent, the silicon range from 
“0.40 to 0.80” to “0.40 to 0.8” per cent, 
the magnesium range from “0.80 to 


“0.45 to 0.80” to “0.45 to 0.8” per cent. 
For SGi21A revise the silicon range 
from “11.5 to 13.5” to “11.0 to 13.5” 
per cent and the magnesium range from 
“0.80 to 1.3” to “0.8 to 1.3” per cent. 
For alloy ZG62A revise the iron limit 
of “0.70” to “0.7” per cent. 


Specifications for Aluminum and Alumi- 
num-Alloy Bars, Rods, and Shapes for 
Pressure Vessel Applications (B 273 - 
53 T)? 


Table I.—For alloy CG42A revise the 
zinc limit from “0.10” to “0.25” per 
cent and the chromium limit from 
“0.25” to “0.10” per cent. For alloy 
GS11A revise the zinc limit from “0.20” 


WES 


4 
G 
G 
whe i 
( 
spike 4 
( 
( 
‘ 
| 
| 


to “0.25” per cent. Add requirements for 
alloy GS11C as given for Table I of 
Specifications B210 above. 

Table II.—Revise requirements for 
alloys 990A, GR40A, and MIA and 
add requirements for alloy GS11C as 
shown in the accompanying Table IX. 
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cent and the chromium limit from 
“0.25” to “0.10” per cent. For alloy 
CS41A revise the chromium limit from 
“0.25” to “0.10” per cent. For alloy 
GIA revise the copper limit from “0.25” 
to “0.20,” the iron limit from “0.8” to 
“0.7,” the silicon limit from “0.50” to 


TABLE IX.—TENSILE REQUIREMENTS. 
(Revisions in Table II of B 273 - 53 T) 


Tensile Strength, psi Yield Elongation in 
Alloy Temper Thickness, in. Strength, —- 
min, psi ° 
Min Max min, per cent 
990A Di ctenkagioacss all sizes 11 000 | 15 500 3 000 
H112 all sizes 11 000 3 000 
all sizes 30 000 | 41 000 11 000 
GR40A....... { H112 all sizes 30 000| ... 11 000 
Gs11C all sizes 26 000 16 000 16 
all sizes 38 000 35 000 10 
MIA.......... {| Qrrrserereeeees all sizes 14 000 | 19 000 5 000 
H112 all sizes ... 5 000 
TABLE X.—TENSILE REQUIREMENTS. 
(Revisions in Table II of B 274-53 T) 
— Yield 
Pipe Tube Wall ensile ie’ in 2 in. or 
Alloy Temper Size i in. in. 
per cent 
. ee we 0.025 and over 26 000 | 16 000 14 
all 0.025 and over 38 000 | 35 000 8 
Pre “ie 0.050 and over 35 000 | 26 000 10 


Table III.—Replace with Table III 
of Specifications B 221. 

Table VII.—Revise the title to read: 
“Permissible Variations in Dimensions 
of Rolled or Extruded Structural 
Shapes.” 


Specifications for Aluminum and Alumi- 
num-Alloy Pipe and Tube for Pressure 
Vessel Applications (B 274 53 T): 


Section 1.—Revise the note to add 
alloy GS11C. 

Table I.—For alloy CG42A revise the 
zinc limit from “0.10” to “0.25” per 


“0.40,” and the manganese limit from > 
“0.15” to “0.10” per cent. For alloy 
GS10A revise the iron limit from “0.50” 
to “0.35” per cent. For alloy GS11A _ 
revise the zinc limit from “0.20” to 
“0.25” per cent. Add requirements for 


alloy GS11C as given for Table I al - 


Specifications B 210 above. 
Table II.—Add requirements for 
alloy GS11C as shown in the accom- 
panying Table X. 
Table III.—Revise the table in 
Footnote to add alloy GS11C with a 
conversion factor of 1.00. 
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APPENDIXIE 


ATMOSPHERIC EXPOSURE OF ALUMINUM AND MAGNESIUM SAND 
AND PERMANENT MOLD CASTINGS 


| i By L. H. Apam' AND Marie DouGHERTY' 


Periodically over the next few years, 
Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, will be re- 
porting data collected on the specimens 
of wrought and cast light metals exposed 


dustrial rural, and various seacoast con- 
ditions. Details of the scope of the 
program were presented at the 1953 
Annual Meeting.” 

The present report pertains to only 


F the selected sites representing in- 


the 14 cast aluminum and 5 magnesium 


alloys exposed for 1 yr at the industrial 


_ site located on top of the Port Authority 


Building in the center of New York 
City, the rural site at State College, Pa., 
and the East Coast site, 800 ft from the 
ocean, at Kure Beach, N. C. Un- 
fortunately, due to the delays of erecting 


_ racks and installations of the specimens, 


the West Coast site at Point Reyes, 
Calif., and the Freeport, Tex. site cannot 
be included. The sand- and permanent- 


mold-cast aluminum alloys are listed 


together with their check chemical 
analysis in Table I. The five magnesium 


“sand-castng alloys are listed in Table 


II. The ASTM Specification applicable 
is indicated in each instance. 


Materials Engineer and Physical Science 


. Aide, respectively, Frankford Arsenal, Pitman 


_ Dunn Laboratories, Philadelphia, Pa. 
Appendix to Report of Committee B-7 on 
Light Metals and Alloys, Cast and Wrought, 


pp. 227-250 (1953). 


The various specimens included in the 
program have been exposed at the sites 
in the standard racks, as shown in Fig. 
1, with plastic insulators retaining the 
specimens in place. ‘The original plans 
required specimen removal after 6- 
months and 1-, 3-, 5-, and 10-yr 
exposures. Although the specimens ex- 
posed at the sites contained various 
degrees of surface corrosion, as shown in 
Figs. 2 and 3, for two magnesium alloys, 
the evaluation of the effects of the ex- 
posures was to be based on any changes 
reflected in the tensile strength. Any 
additional data were for information 
only. 

The data collected on the representa- 
tive specimens are given in Table III to 
Table XXVIII inclusive. A brief sum- 
mary of these data is shown in Figs. 
4, 5, 6. 

Seven noticeable observations of sig- 
nificance are: 


Aluminum 


C4A-T6 
Sand Casting 


At least a 5 per cent decline 
in tensile strength in 
specimens after exposure 
for 6 months at Kure 


Beach with no significant 
: change after the 1-yr 

period. 

Gi0A-T4 The specific specimens un- 


der test have ductility 
values considerably lower 


Sand Casting 


: 


Free 


4 
=“ 
rk 
U 
the 
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Fic. 1.—Atmospheric Exposure Racks Located at the Gulf Coast—Brazos River Test Site, 
Freeport, Tex., Showing Arrangement of Exposure Tests on Aluminum and Magnesium Alloys. : 


Fic. 2.—Photograph Showing Sand-Cast Tension Specimens—AZ91C-T6, After 6-months 
Exposure. 


Upper casting reveals 
the Atlantic Coast. 7 
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ASTM Specification B 26. 
Further decline in duc- 
tility is noted in the 
specimen after 1-yr ex- 


posure at Kure Beach. 


SC51A-T6 At least 4 per cent decline 


Permanent in tensile strength after 
Mold l-yr exposure at Kure 
Beach. 

ZG32A-T5 A marked decrease in 
Permanent ductility after 1-yr ex- 
Mold posure at Kure Beach 


with little change in 
tensile strength. 
ZG81B-T5 At least 10 per cent decline 
Permanent in tensile strength in 
Mold specimens exposed 6 
months at Kure Beach. 
Rural or industrial ex- 
posed specimens did not 
indicate any significant 
change. 


At least a 5 per cent decline 
in tensile strength in 
specimens after 6- 


Exposure. 


REPORT OF COMMITTEE B-7 (APPENDIX II) a 7 


months exposure at New 
York City and Kure 
Beach. The ‘‘as-cast” 
specimens were replaced 
with heat-treated speci- 
mens. After 6-months 
exposure, no significant 
change had taken place. 
At least a 12 per cent loss 
in tensile strength after 
6-months exposure. 


The facts presented at this time are for 
your review. As time goes on, more data 
will be collected and will justify con- 
siderably more statistical study. 


Acknowledgment: 


The present program, extensive as it 
is, has been made possible only by the 
excellent cooperation of the participating 
members of the society. Acknowledgment 
is hereby given to all these members who 
have and will in the future be called on 
for help. 


Fic. 3.—Photograph' Showing Sand-Cast Tension Specimens—EK30A-T6, After 6-Months 


Upper casting reveals effects of rural atmosphere, while lower casting represents marine atmospheric effects along 
Coast. 
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= ‘ 
a Elongation in 2 in, per cent 


Tensile Strength, psi 


40 000 


30 000 


REPoRT OF ComMITTEE B-7 (ApPENDIx II) 
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Maximum, Minimum, Average Values 


Bors Lettered 
$- ASTM Specification 
A- As Received 
P - Exposure Penn State 
Y- Exposure New York 
K- Exposure Kure Beach 
Average Control Values 
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af 
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31 


31 500 


1-yr Exposure 


31 500 


§ 
3 
3 


31 200 


42 600 
41 500 
39 800 
40 500 
41 200 
41 000 


31 300 


44 400 
44 000 
41 900 
41 200 
43 500 
42 900 


6-months Exposure 
Tensite STRENOTH, Pst 


Penn State | New York | Kure Beach Penn State | New York | Kure Beach 


32 000 


Srrenortn, 0.2 per cent Orrset, Pst 


300 
000 
700 
200 
400 
500 
43 900 


31 000 


30 700 


200 
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800 
200 
600 
700 
800 
43 700 


TABLE IV.—DATA ON ALUMINUM ALLOY NO. C4A-T6, SAND CASTING. 
its 


ASTM 
Specification | As Received 


Average 


3333335 

i 


400 
000 
500 
100 
100 
300 
22 900 


23 200 


388338 


23 000 


Ra 


22 100 


6-months Exposure 
Tensite STRENGTH, Pst 


Penn State | New York | Kure Beach Penn State | New York | Kure Beach 


Srrenorn, 0.2 per cent Orrser, pst 


TABLE III.—DATA ON ALUMINUM ALLOY NO. S5B-F, SAND CASTING. 


ASTM 
Specification 


Requirements 


& 


8 


PER CENT 


ELONGATION 1N 2 IN., 
3.9 


4.6 


* Low. 


4.2 


PER CENT 


3.4 


alloy sand castings include Table II of ASTM Specifica- 


tions B 26-54 T, 1954 Supplement to Book of ASTM Standards, Part 2. 


3.8 


ELONGATION IN 2 IN., 


ions on al 


* Low. 
Nore.—All 
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TABLE XI.—DATA ON ALUMINUM ALLOY NO. ZG32A-T5, SAND CASTING. 
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TABLE XII.—DATA ON ALUMINUM ALLOY NO. ZC81A-T5, SAND CASTING. 


i 
d|Elasase lessees « 
&| | 888888 + 


* Low. 


* Low. 


| 
4 
¥ 
- 
: 
4 
] 
¥ | 
2 
r 
. 
: 
= 


‘TABLE XIV.—DATA ON ALUMINUM ALLOY NO. 2G42A-T5, SAND CASTING. 


TABLE XIII.—DATA ON ALUMINUM ALLOY NO. ZG61B-T5, SAND CASTING. 


ADAM AND DOUGHERTY ON ExposuRE OF ALUMINUM AND MAGNESIUM 


R2288 & 33333 3 
#|#| 888888 & 
= z 
Ean: : 
& 
8 Z| | | 
| 
3 
aif 
& 
na 
| 888888 &| | cares. 
2 
a 
§\2| 88888 8 
8 8 
< 
3 


“1 
+ 
— 
‘ 
: 


J° II ssuyseo puvs Aojje uiny 


| 


“ 


NI NOLLVONOI1Q INGO “NI 


002 00s 00L 9% 


= 
7 


839839 
339993 
R 


7 (Appenprx IT) 


18d 


009 IT 


002 IT 
OOT IT 
006 IT 
006 IT 


BERR 


838828 


000 ZI 


sy peay 
aunsodxg 14-] aunsodxg aansodxg 14-1 aansodxg syjuow-9 


‘@IOW LNANVWUAd ‘9L-VISOS ‘ON AOTIV WANINATV NO VLVG—IAX ‘QIOW LNANVWUAd ‘ON AOTIV WANINATV NO VLVG—AX 


” 


jaa} 
O 


fe 

& 
: 
RESESES 
8 
/ 
8888 & 
| | 
if 
8 
& 
RRSESE 
§ 
im 
& 
aagass 
| i |? : 
« 


i ADAM AND DOUGHERTY ON ExPosuRE OF ALUMINUM AND MAGNEsIUM 289 


TABLE XVIII.—DATA ON ALUMINUM ALLOY NO. ZG32A-T5, PERMANENT MOLD. 
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TABLE XVII.—DATA ON ALUMINUM ALLOY NO. SC64B-T61, PERMANENT MOLD. 
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6-months Exposure 


Penn State | New York | Kure Beach | Penn State | New York | Kure Beach 


800 
900 
800 
500 
400 
22 300 


Srrencrts, 0.2 rer cent Orrset, pst 
200 1 
900° 
000 
900 
800 
500 


As Received 
900 
000 
600 
400 
800 
20 300 


TABLE XXIV.—DATA ON MAGNESIUM ALLOY NO. AZ92A-T6, SAND CASTING. 


ASTM 
‘Specification 
18 000 psi, m 

Average 


As Received 
15 800 
16 400 
16 700 
15 200 
16 700 
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TABLE XXVI.—DATA ON MAGNESIUM ALLOY NO. EK30A-T6, SAND CASTING. 


TABLE XXV.—DATA ON MAGNESIUM ALLOY NO. EK30A-F, SAND CASTING. 
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Committee B-8 on Electrodeposited 
Metallic Coatings held two meetings 
during the year: one on October 15, 
1953, at ASTM Headquarters in Phila- 
delphia, Pa., and one in Washington, 
D. C., on February 5, 1954. 

The membership of the committee 
now consists of 114 members, of whom 
41 are classified as producer, 16 as 
consumer, 57 as general interest, and 10 
as consulting members. 

The election of officers for the en- 
suing term of two years resulted in the 
selection of the following: 

Chairman, C. H. Sample. 

Vice-Chairman, K. M. Huston. 

Secretary, R. B. Saltonstall. 

Advisory Committee Members-at- 
Large, Herb Head and R. D. Miller. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions as indicated 
in the following two standards, and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society: 

Recommended Practice for Prepara- 
tion of High-Carbon Steel for Electro- 
plating (B 242 53).? 

Section 5(f).—Change title to “Anodic 
Acid Etching.” In line 2 of the first 
paragraph change the word “treatment” 
to “etch.” In line 5 of the second para- 

* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 


11953 Supplement to Book of ASTM Stand- 
ards, Part 2. “> 
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graph, change the word “treatment” to 
“etching.” In the third paragraph, 
delete the last two sentences. 


Add the following new Paragraph 
5(g): 


(g) Electropolishing. — Electropolishing is 
used to remove highly stressed metal and metal 
debris from the surface of cold-worked steel, 
thereby improving the bond strength and corro- 
sion resistance of electroplated coatings. It 
accomplishes this function without the tendency 
to form smut, which may result from anodic 
etching. Since it does not etch the steel, it is 
preferred by some electroplaters to anodic 
etching for preparing steel surfaces for decora- 
tive plating. Proprietary mixtures of phosphoric 
and sulfuric acids* for electropolishing are of 
special interest in view of their ability to remove 
smut from cast iron surfaces. The addition of 
chromic acid to sulfuric-phosphoric acid mix- 
tures’ further provides a surface passivation 
characteristic that is beneficial for preventing 
rusting during transfer or during temporary 
storage of steel prior to plating. 

An activating treatment after electropolishing 
may be beneficial to subsequent plating. An 
example of a suitable activating treatment is 
anodic cleaning followed by acid dipping. 
Electropolishing can be used in addition to or 
instead of anodic etching. 

Electropolishing of fine-grained steel provides 
a uniform, smooth finish. Coarse-grained struc- 
ture (No. 6 or coarser) results in lesser smooth- 
ness. In either case, however, a word of caution 
is interjected that any seams, voids, stringers, 
and other surface defects may be damaging to 
the appearance of the electroplated coating. 
Yet, the removal of sharp edges or scratches and 
the removal of nonmetallic inclusions in seams 
and stringers may reduce the harmful effect of 
these defects on the corrosion resistance of the 
electroplated steel. 


Patent 2,334,699. 
+ U.S. Patents 2,366,712 and 2,338,321. 
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Standard Specifications for Electro- 
deposited Coatings of Nickel and Chro- 
mium on Zinc and Zinc-Base Alloys 
(B 142-53). 

Section 4(a)—Change to read as 
follows: 


4. (a) The periods of continuous exposure to 
the salt-spray test (Section 9) which coatings 
shall withstand without showing appreciable 
corrosion on significant surfaces shall be agreed 
upon between the manufacturer and the pur- 


chaser.* 


* Based on the work of Subcommittee III 
_ which showed observed failures to obtain repro- 


ducible results on replicate panels in different 
_ salt-spray cabinets operated in accordance with 
ASTM Method B 117, the periods of continuous 
exposure to the salt spray are not specified herein. 


REVISION OF TENTATIVES 


The committee recommends that the 
following tentative specifications be re- 
Bene as indicated and continued as 
tentative: 

Tentative Specifications for Electrode- 
- posited Coatings of Nickel and Chromium 
Steel (A 166 53 T):! 

Section 4. Continuity of Coatings.— 
Change Paragraph (a) to read as fol- 


4. (a) The periods of continuous exposure to 
the salt-spray test (Section 9) which coatings 
shall withstand without showing appreciable 

- corrosion on significant surfaces shall be agreed 
_ upon between the manufacturer and the pur- 


chaser.* 


@ Based on the work of Subcommittee III 
_which showed observed failures to obtain repro- 
_ducible results on replicate panels in different 

salt-spray cabinets operated in accordance with 
ASTM Method B 117, the periods of continuous 
exposure to the salt spray are not specified herein. 


Tentative Specifications for Electrode- 
posited Coatings of Lead on Steel 
(B 200 - 53 

Section 3(a).—Add the following note: 

Note.—For lead coating thicknesses of 
’ 0.00025 in. (6.4 #) or greater, the copper under- 


coat improves the corrosion protection offered 
_ by the coating to the steel basis metal. 


Section 4. Continuity of Coatings.— 


tue 
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Change Paragraph (a) to read as 
follows: 


4. (a) The periods of continuous exposure to 
the salt-spray test (Section 9) which coatings 
shall withstand without showing appreciable 
corrosion on significant surfaces shall be agreed 
upon between the manufacturer and the pur- 
chaser.* 

* Based on the work of Subcommittee III 
which showed observed failures to obtain repro- 
ducible results on replicate panels in different 
salt-spray cabinets operated in accordance with 
ASTM Method B 117, the periods of continuous 
exposure to the salt spray are not specified herein. 


Tentative Specifications for Chromate 
Finishes on Electrodeposited Zinc, Hot- 
Dipped Galvanized, and Zinc Die-Cast 
Surfaces (B 201 - 49 T):? 

Section 3. Protective Value of Coatings. 
Change Paragraph (a) to read as follows: 


3. (a) The periods of continuous exposure to 
the salt-spray test (Section 6 (c)) which coatings 
shall withstand without showing appreciable 
corrosion on significant surfaces as prepared 
according to Section 6 (a) and (6) shall be 
agreed upon between the purchaser and the 
manufacturer.* 


* Based on the work of Subcommittee III 
which showed cbserved failures to obtain repro- 
ducible results on replicate panels in different 
salt-spray cabinets operated in accordance with 
ASTM Method B 117, the periods of continuous 
exposure to the salt spray are not specified herein. 

ADOPTION OF TENTATIVE 
AS STANDARD 


Committee B-8 recommends jointly 
with Committee A-5 on Corrosion of 
Tron and Steel that the Tentative 
Methods of Test for Local Thickness of 
Electrodeposited Coatings (A219- 
51T)? be approved for reference to 
letter ballot of the Society for adoption 
as standard without revision. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 

21952 Book of ASTM Standards, Part 2. 

3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Papers, Specifica- 
tions, and Definitions (F. Ogburn, chair- 
man).—A. Korbelak has been appointed 
chairman of Section B on Definitions, 
and the compilation of a glossary of 
terms used in electrodeposition and 
allied fields is being continued. 

A symposium committee under the 
chairmanship of G. Lux is planning a 
symposium for Committee Week in 
1955 or 1956. 

Two task groups have been appointed 
to investigate the desirability and 
feasibility of writing specifications for 
materials used in plating, such as anodes 
and chemicals, and plated coatings 
other than those covered by existing 
ASTM specifications. 

A number of the recommendations 
affecting standards referred to previ- 
ously in the report were prepared by 
this subcommittee. 

Subcommittee II on Performance Tests 
(W. L. Pinner, chairman),—Steel panels 
plated with copper-nickel-chromium and 
nickel-chromium identified as “Program 
3 Panels” were exposed at New York, 
Kure Beach, and Detroit in May and 
June, 1953 (see 1953 report). Early in- 
spection data indicate unexpectedly 
early failure in some cases. Regular in- 
spections are being continued. 

Inspections of lead-coated steel panels 
are being continued, and a report cover- 
ing the most recent exposure data will 
be forthcoming during the ensuing year. 

R. E. Harr has been appointed chair- 
man of Section C on Performance of 
Supplementary Coatings. Conversion 
coatings on zinc-plated steel panels 
were exposed at New York and Kure 
Beach in August, 1953. Visual inspection 
and rating of these coatings is being 
supplemented with colored photographs. 

Experience with the new rating 


* Proceedings, Am. Soc. Testing Mats., Vol. 
53, p. 251 (1953). 
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method, in which various weight factors 
are assigned to different defects, has 
been encouraging. 

Subcommitiee III on Conformance 
Tests (R. F. Ledford, chairman).—Work 
on measuring plate thickness by differ- 
ent methods is progressing slowly. 

The report of Section B on Porosity 
Tests is appended® to this report. As a 
result of this report, Subcommittee III 
recommended to Subcommittee I re- 
visions of certain standards and tenta- 
tives in which salt-spray hours are 
specified. 

B. C. Case has been appointed chair- 
man of Section E on Adhesion Tests. 

Subcommitiee IV on Electroplating 
Practice (Max Frager, chairman).— 
Previously organized sections of this 
subcommittee are continuing work on 
their assignments. 

The task group had been appointed to 
investigate the desirability and feasi- 
bility of preparing a recommended 
practice on cleaning of metals prior to 
electroplating, and as a result of its 
recommendation Section K under the 
chairmanship of Samuel Spring has been 
formed and charged with the drafting of 
the practice. Review of the cleaning 
cycles in existing recommended practices 
will be an early part of this work. 

Subcommittee V on Supplementary 
Treatments for Electrodeposited Metallic 
Coatings (Marc Darrin, chairman).— 
Section B on Accelerated Tests under 
the chairmanship of A. Mendizza re- 
ported that salt spray tests on chro- 
mated zinc plate could not be repro- 
duced by different laboratories. As a 
result, Subcommittee V recommended 
to Subcommittee I revision of Tentative 
Specifications for Chromate Finishes on 
Electrodeposited Zinc, Hot-Dipped Gal- 
vanized, and Zinc Die-Cast Surfaces 
(B 201-49 T). Spot tests on chromate 


coatings have been disappointing, and 


< 
; “4 
| 
5 See p. 299. 
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i other accelerated tests are being in- Other sections reported progress on 
q vestigated. their assignments. 
Section D on Cadmium Treatments 
7 (L. Gilbert, chairman) reported com- This report has been submitted to 
pletion of 800 chromate-treated cad- letter ballot of the committee, which 
mium plated panels which are to be _ consists of 114 voting members; 82 mem- 
exposed in the near future. bers returned their ballots, of whom 72 
_ Section E on Phosphate Treatments have voted affirmatively and 0 nega- 
has submitted a detailed report. Several _ tively. 
hundred phosphate-coated panels have 
been sent to Naval Research Labora- Respectfully submitted on behalf of 
- tories for special tests. the committee, 
At the suggestion of its chairman, E. C. H. SAMPLE, 
Roehl, Section G on Surface Treatments Chairman. 
- for Lead has been dissolved because R. B. SALTONSTALL, 
interest in the subject was lacking. Secretary. 2 ne 
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REPORT OF SECTION B ON POROSITY TESTS OF SUBCOMMITTEE III 
ON CONFORMANCE TESTS 


Satt Spray Tests oF Coprer-NICKEL-CHROMIUM DEPOSITS 
The salt spray test per ASTM Tenta- On NAX Steel: ri 


tive Method B 117! is employed as an 
acceptance test in ASTM Tentative 
Specification A 166° covering copper- 
nickel-chromium coatings on _ steel. 
Doubt has been expressed by a signifi- 
cant number of users of this test as to 
its validity in predicting quality of these 
finishes. Section B of Subcommittee III 
of ASTM Committee B-8 has been 
charged with the task of conducting an 
investigation to ascertain to what degree 
the salt spray test as currently per- 
formed can be relied upon in predicting 
quality of the finishes covered by Speci- 
fication A 166. Specifically, the principal 
objectives of the proposed investigation 
were (1) to determine the relationship 
between salt spray resistance and thick- 
ness of coating, and (2) to determine the 
degree of reproducibility of salt spray 
test results for coatings prepared to the 
same thickness requirements by several 
producers and tested by several testers 
whose boxes would conform to B 117. 

A program was therefore drawn up, 
designed to furnish answers to these 
questions. 

Identical sets of 16 specimens were 
prepared by six piaters for each of six 
coatings. The coatings, on two types of 
steel, are outlined below: 


1Tentative Method of Salt Spray (Fog) Testing 
oa ~* T), 1952 Book of ASTM Standards, Part 2, 
. 1037. 
2 Tentative Specifications for Electrodeposited Coat- 
ings of Nickel and Chromium on Steel (A 166-45 T), 
1952 Book of ASTM Standards, Part 2, p. 973. 


APPENDIX 


Coating A—0.0015-in. nickel 

Coating B—Copper flash + 0.0015-in. nickel 

Coating C—0.0009-in. copper + 0.0006-in. 
nickel 

Coating D—0.00125-in. nickel 


On 1010 Steel: 


Coating E—0.00125-in. nickel 
Coating F—0.00075-in. nickel 


A final flash coating of chromium was | 
applied on all panels. The various finish- 
ing systems were prepared in quadrupli- 
cate. No restrictions were imposed on 
the plating laboratories except that the — 
samples should be prepared in accord- _ 
ance with best commercial practices, 
and that efforts should be made to plate 
uniform coatings as closely to the desired _ 
thickness as possible. Either bright 
nickel or dull nickel, buffed, was permis- 
sible, provided the resulting finish was 
comparable to a good commercial auto- 
mobile bumper finish. 

The size of the test panels was 4 by 
6 by 3 in. All panels contained a semi- 
spherical deformation in the center pro- 
duced by an Olsen cup. This deformation 
was roughly 1 in. in diameter and 3 
in. in height and was designed to simulate 
forming operations. The purpose of this 
deformation was to ascertain whether 
the salt spray resistance of the finish | 
was measurably affected by stresses set 
up in the basis metal. 
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The grand total number of test panels 
required for this program was 576. Ac- 
tually, only 544 panels were prepared, 
inasmuch as one plater supplied only 
four types of coatings, as noted below. 

Prior to plating all test panels were 
strip-polished using various grit sizes. 
The NAX steel panels received a final 
pass with size 240 grit and the 1010 
steel with size 180 grit, greased. 

The condensed plating schedule used 
by the various laboratories is shown be- 
low: 


Plater 1 


No plating schedule available. This plater 
was not set up for copper plating and conse- 
quently produced only sets A, D, E, and F. 


Plater 2 


Cathodic and anodic alkaline clean, fol- 
lowed by acid dip. 

Cyanide copper strike, where flash coating 
only was required. 

Cyanide copper plus acid copper, buffed 
where heavy copper was required. 

Proprietary bright nickel. 

Conventional chromium. 


Plater 3 


Degreased with trichloroethylene, anodic 
alkaline clean, followed by acid dip. 

Cyanide copper for flash and heavy plate. 

Watts nickel, buffed. 

Conventional chromium. 


te 4 


Plater 4 


Degreased with trichloroethylene, anodic 
clean in proprietary cleaner and acid dip. 

Repeat anodic clean. 

Cathodic acid pickle. 

Cyanide copper strike for flash coatings. 

Cyanide copper plus proprietary high- 
speed copper for heavy plate. 

Acid nickel strike prior to nickel plating 
only. 

Proprietary chromium plate. vee. 


Plater 5 


Degreased with trichloroethylene. 
Electrolytic clean in proprietary cleaner. 
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Scrub with brush. 
Acid pickle. 
Cyanide copper for flash and heavy de- 


posits. 
Proprietary bright nickel. 


Conventional chromium. 
Plater 6 


Anodic clean with proprietary cleaner. 
Brush. 

Anodic acid etch. 

Proprietary semibright nickel. 

Buff. 

Cathodic clean in proprietary solution. 
Acid dip. 

Conventional chromium. 


The plated panels prepared for the salt 
spray tests were randomly mixed up and 
distributed to four laboratories* for de- 
terminations of thicknesses of coating. 
Thickness measurements were made by 
non-destructive methods (magne-gage or 
similar) of all the nickel coatings. Two 
measuring laboratories were also able to 
determine the thickness of the copper 
coatings by means of a composite gage. 
In a few instances microsectioning 
methods and determinations by stripping 
were made for check purposes. The thick- 
ness measurements were made at four 
spots on each panel—on the flat areas, 
in two spots roughly diagonally across 
the panel, and at the top and at the 
bottom of the cup impression. The results 
of these tests show that in the majority 
of cases the thickness at the top of the 
impression was excessively greater and 
that at the bottom considerably smaller 
than the two readings on the flat portion 
of the panels. The thickness determina- 
tions by microsectioning revealed that 
the reported values do not very closely 
correspond to the requested thicknesses. 
Of the two laboratories who measured 
both nickel and copper thicknesses, one 
reported “flash” copper coatings ranging 


3 A fifth laboratory, Laboratory e, made magne-gage 
measurements as well as chemical analysis and microsec- 
tioning tests on the extra panels. 
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from 0.00013 to 0.00036 in., with the 
majority of values around 0.00025 in. 
Following the thickness determina- 
tions, the panels were sent to four testing 
laboratories for salt spray testing in ac- 
cordance with a predetermined random 
schedule. Essentially, this schedule con- 


TABLE ae OF PANELS IN TEST 


| Labora- Labora- Labora- | Labora- 
tory I tory II tory III | tory IV 
tion | Run | Run | Run | Run | Run! Run! Run| Run 
1 2 1 2 1 2 1 2 
Run | Run | Run | Run | Run) Run) Run! Run 
3 4 3 4 4 
E4 | | B-3 | D-1 | F-2 | C3 | E-2 | 
Be F-2 | F-2 | F-3 | A-3 | A-2 | D-4| E-5S 
E1 | C2 | D-2 | F-i | E-2 | B-S | D-3 
4.. F-3 | C-S | A-S ... | F-6 | F-4 | C-3 
Be. | E-4+ | D-S | F-5 | B-2 | A-S | D-1/| D-2 
C-4 | F- C-2 5 
C-+4 | F-4 | E-S | E-6 | D-S| E-S F-6 
8.. B-S | E-1 | A-2 | C-4 | A-l | D-1 C-2 
9....| C2 F-4 | A-4 | A-6 | C-2 | E-S | D-1 
10 A-2 | B-S | D-1 | C-2 | C-2/| B-3 | E-4 | C-5 
il C-3 | F-6 | E-6 | D-2 | E-3| C5 A-5 
12 B-3 ; E-4 | B-5 B-2 | E-4 
13 F-5 | D-3 | B-2 C-3 | E-6 | D-6| D-4 
14.. D-5 | A-3 | E-1 | D-6 | E-6| F-2 | A-3 | F-4 
15.. F-4 E-4 | B-2 | B-4 | B-S | A-1 | F-2 
16.. A-5 | E-3 | C-2 | A-5 | D-4 F-3 | A-3 
a. D-2 | B-2 | F-S | D-3 | F-3 | A-1 | B-3 | D-5 
18.. F-2 | E-2 A-6 | E-1 .. | F-S | A-2 
19.. E-5 | B-4 | A-6 | B-3 F-3 | F-6 | B-2 
| A-1 | A-S | F-1 | D-S | A-2 | F-1 | D-2/ F-1 
21.. F-3 | C-4 | A-3 | F-6 | D-3| E-6 | B-3 
a © F-6 | D-6 | A-1 | A-2 | D-3| D-5| A-6 | C-4 
23 D-3 | F-S | A-3 | C-3 | E-2 | F-4 | C-3 | A-4 
24 F-1 | D-2 | C-3 | E-1 | C-5 | B-2 | C-S | E-3 
- D-1 | D-1 | E-3 | B-5 E-3 | D-5 | B-4 
26 B-4 | B-3 | E-2 | F-2 | F-5 | E-4 
27 D-6 aa F-3 | E-3 . | A-4 | A-2 | A-t 
28 ‘ A-6 | C-5 | C-5 | F-4 | D-2| E-3 | F-5 
29.. D-4 | F-1 D-6 | F-6 E-1 | E-1 | E-6 
30.. C-5 | D-5 | D-3 | F-4 | F-1 | A-6| F-2 | A-6 
. A-3 | E-6 | B-5 | E-5 | D-2| F-5 | A-5 | E-2 
8.. E-2 | C-3 | A-4 | A-1 | A-S 4) F-1 
| B-2 | A-2 | D-4 | B-4 | C-4| A-3 | D-3| E-1 
4. + E-3 | E-S | B-4 | E-2 | A-4 | C-4 | C-4 | F-3 


Note. —The | letter designates the coating and the om 
the _- Thus E-4 under boratory I, Run 1 
Run 3, represents two panels made by plater 4 
with 0.0012S-in. nickel and tested by Laboratory I 
in position 1 in the first and in the third runs, 
respectively. 


sisted in grouping all panels into sets of 
16 panels having the same type of coat- 
ing applied by one plating laboratory. 
Inasmuch as each of five laboratories 
prepared 16 panels of each of the six 
types of coatings and one laboratory 
(plater 1) plated 16 panels of each of 
only four types of coatings (no copper 
coatings), there resulted a total of 34 
sets. The assignment of specimens was 


then made following the scheme outlined — 
below. 

Each set of 16 panels was randomly 
partitioned into four groups of four 7 
panels. One group was assigned to each 
of the four testing laboratories. 

Each laboratory numbered 34 posi- 
tions in its salt spray chamber; only 
these positions were used in the tests. 

Each laboratory received 4 X 34 (or 
136) panels and, hence, made four test 
runs. The assignment of the sets to in- — 
dividual positions in the test boxes was 
made in accordance with the predeter-— 
mined random schedule shown in Table 
I, 

Each laboratory thus had four panels 
of each set and assigned these four panels 
to four runs at random. 

It was hoped that the following ques- 
tions would be answered by this study: 


position. 
(b) The same laboratory in different _ 
positions. 
(c) Different laboratories. 
2. Do the laboratories differ in plating — 
panels of the same coating type. 


differ among themselves. 

The salt spray tests were then run 
the four testing laboratories in ac- — 
cordance with this schedule. Each © 


conditions within each box within the | 
limits prescribed by B 117. 
The results obtained from these tests 


recorded the corresponding thickness 
values of the test panels. As indicated 
earlier in this report, the measurements | 
at the top and the bottom of the indenta- 
tion were erratic and, consequently, they 
have not been reported here. The values — 
shown are those obtained on the flat 
portion of the panels. 
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In Tables II to VII the recorded 
figures represent rust spots visible to the 
unaided eye. These failures occurred on 
the flat areas. Spots considered to be 
bigger than yg in. in diameter are identi- 
fied by an asterisk. The results of runs 
1 and 3.and those of runs 2 and 4 have 
been recorded side by side in order to 
facilitate comparison of positional effects. 

From an over-all inspection of Tables 
II to VII, the following appears evident: 

There is little or no agreement among 
the four testing laboratories. In terms of 
severity, laboratory I was consistently 
the most severe, followed closely by 
laboratory III, then laboratory IV, and 
lastly by laboratory II. This last labora- 
tory was consistently the least severe, 
with one notable exception in Table I 
where it rates plater 4 the poorest. 

With regard to the rating of each plater 
by one individual tester, there are con- 
siderable variations depending on the 
type of coating. Below is shown a rough 
approximation of how the various platers 
were rated by the four testing labora- 
tories: 


Rating of Plater 


Laboratory (best to poorest) 


Coating 


NNAN 


5 8 


we 


Wed 
NAD 


an 
w 


Satt Spray TESTS OF ELECTRODEPOSITED COATINGS 


By and large platers 4 and 5 consist- 
ently produced coatings with the lowest 
rating. Plater 6 prepared systems some 
of which rated high and some low. Platers 
1, 2, and 3 were rated high by most 
laboratories, although here, too, there 
are some reversals. 

Within any one test box there was poor 
reproducibility of test results with re- 
spect to the panels tested in the same 
position, as may be seen by comparing 
runs 1 and 3, and runs 2 and 4. The same 
may be said of the panels that were tested 7 
in different positions within any one box 
—that is, by comparing test runs 1 or 3 | 
with 2 or 4. : 

With the exception of a large portion 
of specimens tested by laboratory II, 
only a minor fraction of the finishes 
tested by the other three laboratories 7 
met the requirements of Specification 
A 166. 

Other broad generalizations that may 
be made and that are evidenced by these 
tests are that a copper flash under a 
nominal 0.0015-in. nickel coating does 
not appreciably lower the salt spray re- 
sistance of the coating. Laboratory I, 
however, rated the copper-free coating 7 
slightly above that with the copper flash. | 
The composite coatings consisting of — 
nominal 0.0009-in. copper plus 0.0006-in. — 
nickel were rated lower by laboratories 
I and III. Tester II rated the composite 7 


or 


coatings somewhat higher, while tester 
IV gave them equal rating. Nominal 
0.00125-in. nickel on 1010 steel was : 
rated better than when applied on NAX 
steel in three cases out of four; labora- 
tory II gave both coatings about equal 
rating. 

It may therefore be concluded that, 
with respect to the objectives of this in- 
vestigation, the tests reported herein 
have shown that the salt spray test as 
operated by the four cooperating labora- 
tories in accordance with ASTM Method 


| 
| 
* Line indicates approximately equal rating. 
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B 117 does not reliably and reproducibly the same plater and tested by the same 

prognosticate the quality of the finishes laboratory. 

under consideration. Its value as a 

standard acceptance test is questionable Respectfully submitted on behalf of © 

in view of the wide divergence of test Section B, Subcommittee ITI, 

results obtained on specimens pre- A. MENDIzzA, 

sumably plated to the same thickness by Chairman. 
* 
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Committee B-9 on Metal Powders 
and Metal Powder Products held one 
meeting during the year: in New York 
City on February 19, 1954. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, F. V. Lenel. 

Vice-Chairman, J. L. Bonanno. 

Secretary, C. G. Johnson. 

Advisory Committee: H. R. Biehl, J. 
B. Haertlein, J. C. Redmond, and G 
L. Werley. 


NEw TENTATIVES 


The committee recommends that the 
following method and recommended 
practice be accepted for publication as 
tentative as appended hereto: 


Method for Subsieve Analysis of Granular 
Metal Powders by Air Classification. 

Recommended Practice for Hardness Testing 
of Cemented Carbides. 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Specifications for Sintered 
Metal Powder Structural Parts from 
Bronze (B 255-51 T)? be revised as 
follows: 

Section 4.—Change the chemical com- 
position requirements to read as fol- 
lows: 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954 

1The new tentatives were accepted by the 
Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 2. 

21952 Book of ASTM Standards, Part 2. 
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Iron, max, per cent............. 
Section 9,—Change to read as follows: _ 


9. Structural parts shall be uniform in com- — 
position. When cut or fractured the exposed 
surface shall be of uniform appearance. Upon 
metallographic examination the microstructure 
of the parts shall be free of excessively large 
pores or incompletely alloyed areas. The parts 
shall be free from defects which would affect 
their serviceability. 


A ppendix.—Number the present text 
as Section Al and add a new Section 
A2 to read as follows: 

A2. A metallographic examination may be 
made of representative samples of each lot to 
determine if there is any free copper or any 
high tin areas present which would indicate 
poor sintering. The manufacturer and the 
purchaser may agree upon a metallographic 
test for quality, but, in general, a qualification 
test is recommended to determine this. 


ADOPTION OF TENTATIVE AS 
STANDARD 


The committee recommends that the 
Tentative Recommended Practice for 
Evaluating Cemented Carbides for 
Apparent Porosity (B 276-52 T)* be 
approved for reference to letter ballot 
of the Society for adoption as standard. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following specifications and definitions 
be continued as tentative in view of 


METAL POWDERS AND METAL POWDER PRODUCTS* 
Copper, per cent...... .. 87.5 to 90.5 
Tin, per cent.......... .. 9.5to 10.5 
Carbon, max, per cent. 
| | | 
j 
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recommended and proposed additions 
and changes in each of these tentatives: 


"Specifications for: 
Metal Powdered Sintered Bearings (Oil Im- 
pregnated) (B 202 - 51 T), 
Sintered Metal Powder Structural Parts from 
Bronze (B 255 - 51 T). 
Definition of: 
Terms Used in Powder Metallurgy (B 243 - 


49 T). 
The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ApvIsORY COMMITTEE 
ACTIVITIES 


The Advisory Committee held three 
meetings during the year to act on 
various committee administrative mat- 
— ters. A new chairman was appointed for 

Section A on Bearings of Subcommittee 

III, and Subcommittee II on Metal 
Powders was reorganized to form two 
sections, namely, Section on Base 
| Metal Powders and Section II-B on 
‘ Refractory Metal Powders. Section II-A 
will continue the original work of Sub- 
committee II. W. H. Bleecker, Carmet 
Division of the Allegheny Ludlum Steel 
Corp., was appointed chairman of the 
newly formed Section II-B. 

The Advisory Committee gave at- 
tention to the membership of the various 
subcommittees, and an effort will be 
made to increase the consumer and 
- general interest representation. Efforts 
_ will be continued to maintain an active 
_ and participating membership. 


ACTIVITIES OF SUBCOMMITTEES 


The six active subcommittees and 
sections of Committee B-9 met twice 
during the year: in Cleveland, Ohio, on 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
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Subcommittee II on Metal Powders (J. 


on record at ASTM Headquarters. “9 


October 20 to 21, 1953, and prior to the 
main committee meeting in New York 
City on February 17 and 19, 1954. 

Subcommitiee I on Nomenclature and 
Technical Data (F. N. Rhines, chair- 
man).—Approval of the term “sinter- 
ing” describing a product made by 
sintering was deferred pending further 
study. Data on the mechanical prop- 
erties of materials covered by Specifica- 
tions for Sintered Metal Powder 
Structural Parts (B222-52T) were 
gathered by means of a questionnaire. 
It was decided to continue the data 
gathering before writing technical data 
sheets. 


J. Cordiano, chairman): 

Section A on Base Metal Powders (J. 
J. Cordiano, chairman).—The Method 
of Subsieve Analysis of Granular Metal 
Powders has been approved by Com- 
mittee B-9 in slightly revised form and 
as stated earlier in the report is recom- 
mended for publication as tentative. It 
was decided not to recommend for pub- 
lication as tentative the proposed 
methods for Determination of Iron 
Content of Iron Powders and Methods 
for Determination of Insoluble Matter 
in Iron and Copper Powders in their 
present form, but to study them further. 
A round-robin test has been initiated on 
the method for determining insoluble 
matter. A joint task group with Com- 
mittee E-3 has been appointed to which 
the Method for Chemical Analysis of 
Metal Powders and the Method for 
Determination of Hydrogen Loss in 
Metal Powder will be referred. A co- 
operative test program on a compressi- 
bility test has been completed; it is 
expected that a method for determining 
compressibility will result from this 
program. A task group is preparing a 
test method for determining green 
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Section B on Refractory Metal 
Powders (W. H. Bleecker, chairman).— 
Three task groups were formed to study 
the methods now in use for particle size 
determination of refractory metal 
powders. They were concerned with the 
permeability method, turbidimetric 
methods, and photographic methods. 
The task groups gathered information 
on the details of the test methods prac- 
ticed at present. On the basis of the 
information secured, round-robin test 
programs for all three methods were 
initiated. 

Subcommittee III on Metal Powder 
Products (R. P. Koehring, chairman): 

Section A on Bearings (S. A. Sesny, 
chairman).—The section has completed 
a thorough revision of Tentative Speci- 
fications for Metal Powder Sintered 
Bearings (B 202-51T). Included in 
this revision are changes in Chem- 
ical Requirements, Radial Crushing 
Strength, Commercial Dimensional Tol- 
erances, and the addition of Recom- 
mended Press Fits, Recommended 
Running Clearances, and a Standard 
Size List. These revisions and additions 
are now being balloted on by the section 
prior to submission to letter ballot of 
Committee B-9. 

Section B on Structural Parts (P. J. 
Shipe, chairman).—The changes recom- 
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mended in the Tentative Specifications — 
for Bronze Structural Parts (B 255) — 
were prepared by the section. A Tenta- 
tive Specification for Copper Impreg- 
nated Structural Parts is _ being 
submitted to Committee B-9 for letter 
ballot. Specifications for Metallic Filter 
Materials are being studied. 

Section C on Cemented Carbides (R. — 
A. Canning, chairman).—The proposed 
Recommended Practice for Hardness 
Testing of Cemented Carbides was 
prepared by the section and as stated 
earlier in the report is recommended for 
publication as tentative. A method for 
the determination of density is under 
consideration. A procedure for classifi- — 
cation of cemented carbides and a 
recommended practice for metallography : 
are under study. 


This report has been submitted to a 
letter ballot of the committee, which 
consists of 64 members; 42 members re- 
turned their ballots, of whom 37 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
F. V. LENEL, 
Chairman. 


| 
2 
| 
| 
C. G. JoHNson, : 
Secretary. 
| id 


The Advisory Committee on Cor- 
rosion, which during its early years held 
two meetings each year, has in the past 
few years found it necessary to hold 
only one meeting each year. The last 
meeting of the committee was held on 
October 2, 1953, at the Harbor Island 
Test Station of the International Nickel 
Co. at Wrightsville Beach, N. C. 

_ The Advisory Committee on Corro- 


- sion, which elects officers in the odd- 
- numbered years, re-elected last June 


F. L. LaQue as Chairman and elected 
Jerome Strauss as First Vice-Chairman 


and K. G. Compton as Second Vice- 


Chairman. Members-at-Large are elected 
each year for three-year terms. O. B. 


_ Ellis and W. H. Finkeldey were elected 


to serve from June, 1953, to June, 
1956. Other personnel changes include 
the appointment of L. H. Adam, re- 
placing J. D. Edwards as representative 
from Committee B-7 on Light Metals 
and Alloys, J. H. Gibbud for R. H. 
Biggs from Committee C-19 on Struc- 
tural Sandwich Constructions, and D. H. 
Kleppinger for Sam Tour from Com- 
mittee B-6 on Die-Cast Metals and 
Alloys. 

The committee was sorry to learn of 
the death of Professor I. D. Mayer of 
Purdue University, who for many years 
served as the liaison at the ASTM test 
site on the University’s grounds at 
Lafayette, Indiana. 

The Board of Directors approved the 
request of the committee that Sections 


* Presented at the Fifty-seventh Annual 
M 


eeting of the Society, June 13-18, 1954. 
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CORROSION* 


5(d) and 6(d) be deleted from the 
Regulations Governing the Advisory 
Committee on Corrosion, providing for 
the review by the ACC of all reports of 
investigations concerning corrosion. This 
request was based on the feeling that it 
is impractical to give these reports any 
adequate review and that the technical 
committees preparing the reports would 
be more competent to judge their ade- 
quacy. 
1953 ExPosuRES 


Specimens were exposed during the 
past year at seven of the test sites and 
represented activity on the part of 
Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel and Related Al- 
loys, Committee B-3 on Corrosion of 
Non-Ferrous Metals and Alloys, Com- 
mittee B-6 on Die-Cast Metals and 
Alloys, Committee B-7 on Light Metals 
and‘Alioys, Committee B-8 on Electro- 
deposited Metallic Coatings, the Ameri- 
can Welding Society, and the Steel 
Founders Society. Details of previous 
exposures were given in the 1952! and 
1953? Reports. 


Columbus, Ohio: 


The only exposures at Columbus dur- 
ing the past year were the specimens of 
the American Welding Society sprayed 
metal coatings exposure program. 


Report of Advisory Committee on Cor- 
rosion, Proceedings, Am. Soc. Testing Mats., 
Vol. 52, p. 212 (1952). 

* Report of Advisory Committee on Cor- 
rosion, Proceedings, Am. Soc. Testing Mats., 
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East Chicago, Ind.: 


The American Welding Society has 
also made exposures at this site, and in 
addition the Steel Founders Society has 
exposed a number of cast steel speci- 
mens. 


Kure Beach, N.C.: 


The aluminum alloy SC84 specimens 
previously referred to were exposed also 
at Kure Beach. A number of Committee 
B-8 specimens designed to evaluate the 
effect of chromate films over electro- 
plated coatings were exposed at this 
location. The AWS and the Steel Found- 
ers Society also have exposed specimens 
here. 


New York, N. Y.: 


Both Committee B-6 and AWS 
specimens have been exposed on the 
Port of New York Authority roof. 
Subcommittee IV of Committee A-10 
has exposed a number of sheets of stain- 
less steel as used in architectural con- 
struction in an effort to evaluate the 
relative corrosion resistance of 17 per 
cent chromium and 18 per cent chromium 
- 8 per cent nickel steel. Zinc and iron 
specimens for evaluating relative cor- 
rosivity at the various test sites were 
added to those exposed in previous 
years. These latter tests are a part of 
the work of Subcommittee VII on 
Weather of Committee B-3. 


Pitisburgh, Pa.: 


Seventeen per cent chromium and 18 
per cent chromium - 8 per cent nickel 
stainless steel specimens and zinc and 
iron calibration specimens were exposed 
at this location. 


Point Reyes, Calif: 
Additional zinc and iron calibration 
specimens were mounted this past year 
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at Point Reyes. This is also one of the - 
locations being used by the American — 
Welding Society as well as ASTM Com- 
mittee B-7, This latter program includes _ 
27 aluminum and 8 magnesium alloys 
in plate and sheet form as well as sand- 
cast and permanent mold tension spec- 
imens. 

State College, Pa.: 


The only new specimens added at 
this location in 1953 were additional 
zinc and iron specimens for corrosivity 
evaluation. 


Test DISCONTINUED 


Need by the Navy for the ground 
occupied by the copper-bearing and 
non-copper-bearing corrugated sheets of 
Committee A-5 at Annapolis, Md., has 
necessitated the discontinuation of this 
test site. The Annapolis site, in use since 
1916, has been discontinued at the sug- 
gestion of Committee A-5 and with the 
subsequent approval of the Advisory 
Committee on Corrosion. 


PRESENT FACILITIES 


Specimen rack? and pipe frame space is 
available at all of the test sites 
established by the ACC with the ex- 
ception of Tucson, Ariz. This site, chosen 
as representative of the hot arid regions 
of the southwestern part of the United 
States, will not be developed further 
until the committees interested in this 
area have more nearly reached the ex- 
posure stage of their contemplated pro- 

ms. 

To facilitate access to the Point Reyes 
site, the ACC cooperated with the 
Bell Telephone Laboratories in allotting 
funds for the construction of a road from 
the transmitting station to the test site, 
a distance of about three-quarters of a 
mile. 

*“Standard” racks for exposure of 4 by 6 by 
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The test sites and facilities established 
by the various committees prior to the 
formation of the ACC have remained 
relatively unchanged (other than An- 
napolis) as detailed in the 1952! and 1953? 
ACC Reports. The one exception is 
Bridgeport, Conn. Plans were made in 
the spring of 1953 to reduce this area by 
consolidating the remaining specimens so 
as to provide additional space for the 
American Chain and Cable Co., through 
whose courtesy this test site area has been 
provided. This consolidation was effected 
in November, 1953, reducing the area 
to about 5000 sq ft. 

At the suggestion of Committee A-5, 
the Santa Cruz, Calif., test site, which is 
located about three miles from the 
Pacific Ocean and is several hundred 
feet above sea level, has been reclassified 
from “Marine” to “Rural (marine).” 


ADDITIONAL FACILITIES 


Six new pipe frames were erected 
during the past year, three at Point 
Reyes, Calif., and three at Freeport, 
Tex. Schematic diagrams of the pipe 
frame assembly are shown in Figs. 1 and 2. 


Fic. 2.— Schematic View of Support Assembly, = 


oP 


Two additional frames are proposed 
for the Freeport area, and 110 specimen 
racks are currently being fabricated for 
distribution to the various sites. Sixty 
of the new racks will be of Monel for 
the marine locations and 50 of Type 
302 stainless steel for the industrial and 
rural sites. These additional racks 
will provide space for 7700 4 by 6-in. 
specimens. These new racks have been 
redesigned to permit easier mounting 
and removal of specimens. Details of 


construction are shown in Fig. 3. ‘ 
Test PROGRAMS 


A number of proposed extensive ex- 
posure test programs are currently in 
various stages of preparation. 

Committee A-5 on Corrosion of Iron 
and Steel plans a new series of hard- 
ware tests which will include sprayed __ 
aluminum, sprayed zinc, as well as hot- 
dip coatings of these metals on low- — 
carbon and three alloy steels. The test 
site locations will be Kure Beach and 
New York. 

Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel and Related Al- 7 
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Fic. 3.— Construction Details of ASTM St 


loys, in addition to the special program 
initiated last year comparing the be- 
havior of straight chromium with 
chromium-nickel steels, is currently pro- 


-. curing specimens for a more extensive 


exposure program of stainless steels. 

Committee B-3 on Corrosion of 
Non-Ferrous Metals and Alloys is 
planning to expose a number of speci- 
mens which have been stored and which 
were not used in the non-ferrous pro- 
gram initiated by Subcommittee VI in 
1931. 

Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, in addition 
to the exposure of specimens including 
27 aluminum alloys and 8 magnesium 
alloys at New York City, N. Y.; State 
College, Pa.; Kure Beach, N. C.; and 
Point Reyes, Calif., has another series 
of specimens which will be mounted at 
Freeport, Tex. 

Committee B-8 on Electrodeposited 
Metallic Coatings has a program planned 
designed to evaluate supplementary 
treatments of plated coatings. 

Committee C-19 on Structural Sand- 
wich Constructions, through its Sub- 
committee II on Permanence, Dura- 
bility, and Simulated Service, is plan- 
ning an extensive program of structural 
sandwich constructions. This work is 
still in the first stages of planning, size 
and shape of specimen and manner of 
exposure having yet to be decided. 

The American Welding Society, al- 
though supplying its own specimen 
racks, has been granted permission to 
use pipe frame space at New York, 
Kure Beach, Columbus, Point Reyes, 
East Chicago, and Freeport. The Ameri- 
can Welding Society program consists of 
more than 4000 specimens designed pri- 
marily to test the effectiveness of sprayed 
metal panels including coatings of alumi- 
num and zinc in various thicknesses, some 
of which have additional supplementary 


treatments. Specimens have been 
mounted at all of the above locations. 

Squier Signal Laboratory.—The most 
recent request for permission to use 
ASTM facilities is from the Squier 
Signal Laboratory to expose a number 
of magnesium-encased communication 
equipments at the Point Reyes test 
site. This request has been approved 
by the ACC, but exposure has not as 
yet been made. 


FINANCIAL STATUS 


The estimate made in 1949 was that 
$100,000 would be necessary to main- 
tain adequate test site facilities over 
the next ten years. It is of interest to 
note that for the first five years expendi- 
tures totaled somewhat less than 
$30,000. A total of $105,150 was pledged 
to the test site fund, of which more 
than $99,000 has already been received 
in cash. The balance on hand as of the 
last meeting, including interest, was 
almost $73,000, $50,000 of which has 
been invested in savings and loan 
associations. 


ADDITIONAL REPRESENTATION ON ACC 


During the past year Committee C-22 
on Porcelain Enamel has requested 
representation on the Advisory Com- 
mittee on Corrosion and has been ac- 
cepted, the representatives being the 
chairman of Committee C-22, W. N. 
Harrison, and B. J. Sweo. As provided 
in the “Regulations Governing Corro- 
sion Testing” which appear in the ASTM 
Year Book, “Each technical committee 
concerned with the corrosion of metals 
shall designate two members, one of 
whom should be its chairman, who shall 
serve as representative members with 
the Advisory Committee on Corrosion.” 
Although the Regulations specifically 
state corrosion of metals, the actual 
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scope of the committee is broader, in 
that deterioration and weathering of 
any material due to environment is of 
interest to the group and the ASTM 
atmospheric exposure testing facilities 
are available for the use of all ASTM 
- committees. The ACC would welcome 
representation from any committee 
interested in corrosion, weathering, or 
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deterioration of any material falling 
within the Society’s scope. 


Respectfully submitted on behalf of 
the committee, 
F. L. LaQueg, 
Chairman. 
J. S. PETTIBONE, 
Secretary. 


wees Su 


se au 


= 
TH 
Me 
Be & Cor 
tur 
ann 
’ at 
unc 
Prem ons, Ir. p Co1 
Stai 
The 
Mee 


Ws 


ON 
THE EFFECT OF T 


Meetings: 


Meetings of the ASTM-ASME Joint 
Committee on the Effect of Tempera- 
ture on the Properties of Metals, its 
panels and subcommittees were held 
during the past year in connection with 
the Annual Meetings of the ASTM in 
Atlantic City, N. J., during the week of 
June 28, 1953, and of The American 
Society of Mechanical Engineers in 
New York City the week of November 
29, 1953. All of the panels met at both 
annual meetings excepting that on Test 
Methods which held a meeting at Ann 
Arbor, Mich., on March 10, 1954. 


Technical Sessions and Papers: 


The following papers were presented 
at the Annual Meeting of the ASME 
during the week of November 29, 1953, 
under the cosponsorship of the Petro- 
leum and Power Divisions, Research 
Committee on High-Temperature Steam 
Generation, and the Joint Committee: 


“Results of Service Test Program on Transi- 
tion Welds Between Austenitic and Ferritic 
Steel at the Philip Sporn and Twin Branch 
Plants,” by G. E. Lien, American Gas and 
Electric Service Corp., and F. Eberle and R. D. 
Wylie, The Babcock & Wilcox Co. 

“Cyclic Heating Test, of Main Steam Piping 
Materials and Welds, at Sewaren Generating 
Station,” by H. Weisberg and H. M. Soldan, 
Public Service Electric and Gas Co. 

“Stress Rupture Properties of Austenitic 
Stainless Steel Weld Deposits,” by R. D. Wylie, 
The Babcock and Wilcox Co., C. L. Corey, 
University of Michigan, and W. E. Leyda, The 
Babcock & Wilcox Co. 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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EMPERATURE ON THE PROPERTIES OF METALS* 


“Some 12 per cent Chromium Alloys for 
1000 to 1200 F Operation,” by D. L. Newhouse, 
B. R. Sequin, and E. M. Lape, General Electric 
Co. 

“Effect of Certain Elements on the Graphi- 
tization of Steel,” by R. J. Fiorentino, A. M. 
Hall. and J. H. Jackson, Battelle Memorial 
Institute. 

“Comparative High Temperature Properties 
of British and American Steels,” by W. E. 
Bardgett, The United Steel Cos., Ltd.; England, 
and C. L. Clark, Timken Roller Bearing Co. 

“A Critical Examination of Procedures Used 
in Britain and the United States to Determine 
Creep Stresses,” by R. W. Bailey, Metro- 
Vickers Elec. Co., England. 

“Experimental Superheater for Steam at 
2000 psi and 1250 F—Progress Report after 
12,000 hr of Operation,” by F. Eberle, F. G. 
Ely, and J. A. Dillon, The Babcock & Wilcox 
Co. 


A Symposium on Effect of Tempera- 
ture on the Brittle Behavior of Metals 
with Particular Reference to Low 
Temperatures was held at the ASTM 
Annual Meeting under the auspices of 
the Low Temperature Panel. The 28 
papers presented at this symposium are 
undergoing editing for publication in a 
special volume.! 

During the 1954 Meeting of ASTM 
in Chicago a Symposium on Effect of 
Cyclic Heating and Stressing on Metals 
at Elevated Temperatures is being 
sponsored by the Committee.” 


Membership: 


There has been no change in member- 
ship during the past year. 

1 Issued as separate publication ASTM STP 
No. 158. 


2 Issued as separate publication ASTM STP 
No. 166. 
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Finances: 


With the receipt during the year of a 
contribution of $10,000 the recent cam- 
paign for funds has been rounded out 
with total receipts of about $81,000. 
The committee gratefully acknowledges 
receipt during the year of an additional 
sum of $500 from the Engineering Foun- 
dation. The cash balance in the Custo- 
dian Account was $65,394.49 as of 
December 31, 1953. 


Contracts: 


No new research contracts were 
entered into during the year. The follow- 
ing requests for additional funds were 
granted: 


Project DP-5 on Relaxation Data...... $1000 
DP-7 on Copper Base Alloys.... 1000 
DP-3 and 4 on Super Alloys and 
Chromium-Molybdenum Steels 3000 
GTP-1 on Effect of Stress Con- 
centration on Fatigue of 
Metals at Elevated Temps.... 7000 


A sum of $2000 was appropriated for 


_ gathering and preparing for publication 


under Project DP-8 data on High- 
Chromium and Plain Carbon Steels. 


ACTIVITIES OF PANELS AND PROJECT 
SUBCOMMITTEES 

Aviation Panel (Leo Schapiro, chairman): 

Work on Project AP-1A,* Statistical 
Variations of Creep Rupture Properties 
of Some Sheet Materials, and on Project 
AP-2,‘ Properties of Some New Sheet 
Materials, has been completed and re- 


_ ports are being made at the current 


ASTM Meeting in Chicago. A task 


3A. I. Rush and J. W. Freeman, “Statistical 
Evaluation of the Creep-Rupture Properties of 
Four Heat-Resistant Alloys in Sheet Form,” 
p. 1098, this volume. 

‘ Reported in a paper by D. C. Goldberg and 
J. J. Lombardo on “Elevated Temperature Fa- 
tigue Properties of Several High-Temperature 
Sheet Materials,” appended hereto, see p. 325, 
and in a paper being prepared by A. W. F. Green, 
K. Lampson, and T. Tsareff on “Thermal Shock 
Testing Under Stress of Certain High-Tempera- 
ture Alloys,” to be published in Proceedings, Am. 
Soc. Testing Mats., Vol. 55 (1955). 
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group of the panel is engaged in accumu- 
lating data on the elevated temperature 
properties of titanium with a view to 
determining the desirability of making a 
publication of such data. 


Data and Publications Panel (George V. 
Smith, chairman): 


Data on superalloys, Project DP-3, 
have been compiled and made ready for 
publication. Relaxation Test Data (Proj- 
ect DP-5), and data on Copper-Base 
Alloys (Project DP-7), and Medium- 
Carbon, High-Chromium and Plain-Car- 
bon Steels (Project DP-8) are being 
gathered. A new subgroup has been 
appointed to compile information on 
Strength of Weldments (Project DP-6). 


Gas Turbine Panel (C. T. Evans, chair- 
man): 


Work under Project GTP-1 has been 
extended to cover tests to determine 
the effect of notches of greater and less 
severity on the fatigue strength at 1200 
and 1500 F. The work under this project 
covering the effect of stress concentra- 
tion on the fatigue of metals at elevated 
temperatures is expected to be finished 
during the present calendar year. 

This panel is cosponsoring the Sympo- 
sium on Effect of Cyclic Heating and 
Stressing on Metals at High Tempera- 
tures? at the ASTM Annual Meeting in 
cooperation with the General Research 
Panel. The Panel has under considera- 
tion studies of wear, galling and fretting 
of spring materials and of directional 
(anisotropic) properties. 


General Research Panel (A. J. Herzig, 
chairman): 


The General Research Panel which 
has cooperated with the Gas Turbine 
Panel in the preparation of the Sympo- 
sium on Effect of Cyclic Heating and 
Stressing on Metals at High Tempera- 
tures is arranging two additional sym- 
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posia, one for the 1955 Spring Meeting 
of the ASTM on the Effect of Environ- 
ment on the Strength, Scaling, or Em- 
brittlement of Metals at Elevated Tem- 
peratures, and the other for the June, 
1955, Meeting of ASTM on Metallic 
Materials for Service at Temperatures 
Above 1600 F. 

The panel was authorized by the 
Joint Committee to undertake the spon- 
sorship of basic research in the field of 
creep of metals through a fellowship to 
be supported to the extent of $7000 
over a period of 2 yr. The subject matter 
and the institution of learning under 
which the scholarship will be carried 
out will be recommended by a subcom- 
mittee and ultimately approved by the 
Executive Committee. 


Low-Temperature Panel (Irving Roberts, 
chairman): 


A subcommittee of the panel is con- 
ducting a survey to determine whether 
modification of the present 15 ft-lb 
minimum impact value as now stipulated 
by the ASME Pressure Vessel Code 
should be considered. 

The panel is undertaking (1) a compila- 
tion of the physical and mechanical 
properties, other than impact, of metal 
at low temperatures in cooperation with 
the Data and Publications Panel, (2) 
consideration of the preparation of a 
manual dealing with “The Brittle Failure 
of Metals as Affected by Temperature,” 
and (3) a study through a subcommittee 
of the advisability of conducting ex- 
perimental work to determine the effects 
of special factors, such as section size, 
heat-affected zone in welding, the an- 
nealing of this zone, etc., on the proper- 
ties of metals at low temperatures. 


Petroleum and Chemical Panel (C. L. 
Clark, chairman): 


Work on Project 8, Strength of Car- 
bon Steels for Elevated Temperature 


j On Errect oF TEMPERATURE ON PROPERTIES OF METALS — 


Applications, done at the request of 
the ASME Boiler Code Subcommittee 
on Stress Allowances, has been completed 
and is being reported in a paper pre- 
sented at the present meeting of the 
ASTM in Chicago.’ 

The proposal of the Task Group on 
the High-Temperature Strength of Weld- 
ments to determine the creep-rupture 
strength of welded joints of carbon and 
low-alloy steels was approved, and it 
was recommended that initial study be 
made of Grade B steel of A 212 (Tenta- 
tive Specifications for High-Tensile- 
Strength Carbon-Silicon Steel Plates 
for Boilers and other Pressure Vessels) 
which is being investigated by a task 
group of the Steam Power Panel. 


Steam Power Panel (P. M. Brister, 
chairman): 


A subcommittee was appointed under 
Project SP-1 to study the available 
information on Steam and Air Oxidation 
of Low-Alloy Ferritic Steels. Work has 
been started under Project SP-2, Ele- 
vated Temperature Properties of Cast 
Iron, with the ultimate aim of deter- 


mining the suitability of cast iron for — 


service in the temperature range 450 to 
650 F. The subcommittee handling 
Project SP-3 reported that there ap- 
peared to be sufficient work already 
under way on Type 347 austenitic 
welds in main steam service so that 
additional work was not warranted. 
It planned to discharge the subcommittee 
after it has presented a report. Materials 
have been obtained and work is under 
way on Project SP-4 to determine the 
Elevated Temperature Properties of 
SA-212B plate for use by the Boiler 
Code subcommittee working with the 
International Standards Organization 
toward the preparation of an Inter- 
national Boiler Code. 

*R. F. Miller, “The Strength of Carbon 


Steels for Elevated Temperature Applications,” 
p. 964, this volume. 
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Test Methods Panel (J. J. Kanter, 
chairman): 


Differences in opinion concerning 
what constitutes a practical range of 
temperature limitations in high-tem- 
perature testing has set up serious road 
blocks in the progress of the committee 
_ toward revising test methods for creep 
and stress-rupture testing. Recommenda- 
tions have been made that a pyrometric 
practice subcommittee be set up under 
_ Committee E-1 of ASTM. Pending 
action on this recommendation, the 
4 drafting of an interim pyrometric prac- 
tice for the guidance of the committee 
has been undertaken. 
_ A task group was appointed to under- 
take the preparation of a recommended 
practice for notched-bar rupture testing 
which will serve as a guide to the design- 
ing of notches suitable for the testing 
of various materials. 
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Seek 


Project 29—Effect of Certain Elements on 
Graphitization of Steel (J. J. Kanter, 
chairman): 


at pt) 


This Project has made a final report 
which was presented at the Annual 
Meeting of the ASME in December and 
has been discharged. The Steam Power 
and the Petroleum and Chemical Panels 
have requested a continuation of the 
work of Project 29 under one of the 
panels of the Joint Committee. 


Respectfully submitted on behalf of 
the committee, 


F. B. Forey, 
Chairman. 
V. T. Matcotm, 
. 
Vice-Chairman. 


Howarp C., Cross, 
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ELEVATED-TEMPERATURE FATIGUE PROPERTIES OF SEVERAL 


HIGH-TEMPERATURE SHEET MATERIALS* 


During 1949, it was realized by the 
Aviation Panel of the ASTM-ASME 
Joint Committee on Effect of Tempera- 
ture on the Properties of Metals that the 
future designs of power plants would in- 
corporate increasing quantities of high- 
temperature sheet materials. After re- 
viewing the available data, it was de- 
cided to sponsor various projects under 
the Panel’s AP-2 Committee for the 

* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Supervising Engineer, Aviation Gas Turbine 
Division, Westinghouse Electric Corp., 
Philadelphia, Pa. 

2 Metallurgical Engineer, Aviation Gas Tur- 
bine Division, Westinghouse Electric Corp., 
Philadelphia, Pa. 


INTRODUCTION 


By D. C. GotpBerc' Anp J. J. LomBarpo? 


SYNOPSIS 


This paper presents the results of high-temperature fatigue tests on nine 
sheet materials used in fabricated gas turbine components. Six of these ma- 
terials, such as Discaloy, two conditions of 19-9DL, Timken 16-25-6, HS-88, 
and Tinidur are relatively low alloyed materials and were tested in the tem- 
perature range of 1000 to 1350 F. Alloys L-605, V-36, and WF-31 are more 

highly alloyed materials and were tested from 1500 to 1800 F. 

Among the materials tested in the group of relatively low alloyed materials, 
Timken and Tinidur have the highest endurance strengths at 1000 F. At 
1200 F, four of the five alloys in this group have approximately equal strength, 
with 19-9DL dropping well below the others. 

The three more highly alloyed materials have approximately the same 
fatigue strength at 1500 F as the less highly alloyed materials have at 1200 F 
(not considering 19-9DL). Alloy WF-31 has decidedly the highest endurance 
properties at 1500 F. At 1800 F, WF-31 and V-36 have approximately the 
same endurance strengths while that of L-605 is slightly lower. 
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purpose of increasing the knowledge of — 
the properties of commercially available _ 


materials. 


Because the potential applications for 


these high-temperature sheet alloys are 
for such gas-turbine components as 
fabricated turbine blades and vanes, 


combustion chambers, and afterburners, 
it was decided to conduct high-tempera- 


ture stress-rupture, fatigue, thermal 
shock, and short-time tension tests on 
the selected alloys shown in Table I. 


In order to eliminate the variables ~ 


that could be attributed to material in- 
consistencies, the General Electric Co. 
obtained the materials 
finished condition defined as hot-rolled, 
annealed, straightened and pickled, plus 


in the mill- 
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GOLDBERG AND LOMBARDO ON FATIGUE OF SHEET MATERIALS 


TABLE IIl.—FATIGUE-TEST 
TEMPERATURES. 


Fatigue Test Temperatures, 
deg Fahr 


1350 Fig. 


19-9 DLDL) 

19-9 DL(D). 
Tinidur(T-1/ T-15) .. 
Tinidur(T-16/T-30) .. 


5 
11 
10 

9 

8 

8 

4 

6 

3 

7 


A—eccentric. 


B—exciting arm. 
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any subsequent heat treatment necessary — 
to obtain optimum properties. The 
materials were distributed in the form of | 
sheared test blanks to the following test-_ 
ing agencies: 

1. General Electric—Stress-Rupture.* 

2. Westinghouse Electric—Fatigue. 

3. Pratt & Whitney—Short Time 

Tension.* 

4. Allison—Thermal Shock. 

The discussion in this paper relates to 

*?D. Preston, “Exploratory Investigation of 
Sheet Materials,” Proceed- 


ings, Am. Soc. Testing Mats., Vol. 52, p. 962 
(1952). 


Fic. 1.—SF-2 Fatigue Machine. 


C—compensator shaft. 


D—limit switch. 
E—rubber scale. 


G—compensator weight assembly. 


H—fixed scale. 


L—compensator assembly. 
S—1800 RPM synchronous. 
AA—loading yoke. 
BB—l\ower specimen clamp. 
CC—upper specimen clamp. 
DD—specimen clamping screw. 
bearing 

ring screw. 


1000| 1200] 
T ane = x 
oh 
xX 
= : 
WF-31...... oa x 
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£4 DETERMINATION OF STRESS ON SPECIMENS 
: AT POINT OF FRACTURE 


A- POINT OF MAX THEORETICAL STRESS 
8-POINT OF FRACTURE 
G-POWT OF LOAD 


Fic. 2.—Determination of Stress on Speci- 
mens at Point of Fracture. 
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and tungsten. Alloy V-36 has, in addi- 
tion, a small amount of columbium. The 
remaining six materials are iron-base 
alloys. Only Discaloy and Tinidur were 
tested in the aged condition. Alloy HS- 
88 was tested in a hot-cold worked 
condition. 


| 
EXPERIMENTAL PROCEDURE 


The fatigue tests were made on nine 
alloys at elevated temperatures in the 
range of 1000 to 1800 F. All tests were 
conducted on SF-2 fatigue machines, 
Fig. 1,‘ which apply a constant load at 


Hoay ~DPH (SOKG) Before Testing 
Hy -DPH(S5OKG) After Testing 7 


1800 F 


1.20 


1800 F 


Hardness Ratio, rae, (DPH-50 KG) © 


Cycles 


Fic. 3.—S-N Curves for High-Temperature Sheet Material (0.070-in. V-36 Alloy) in Reversed 


Bending. 


the data obtained in the fatigue testing 
of the materials. The tensile and rupture 
properties of these materials have been 
reported by D. Preston*® of the General 
Electric Co. 
Test MATERIALS 
The chemical compositions of the sheet 
materials are shown in Table I. Tables 
II and III give the conditions and 
temperatures of test for each material. 
Alloys L-605, V-36, and WF-31 are 
cobalt-base alloys having varying addi- 
tions of nickel, chromium, molybdenum, 


= 


1800 cpm. The tests were of the flexure 
type under zero mean stress. 

The SF-2 fatigue machines, Fig. 1, 
were equipped with a Globar furnace 
which was designed by T. F. Hengsten- 
berg of the Westinghouse Research Labo- 
ratories. The maximum variation in the 
temperature over the test surface (3-in. 
on each side of the maximum theoretical 
stress) was maintained within +5F 
throughout each test except in cases 
where noted in the tables. Except as 

4“Tnstructions for Installation, Operation 


and Maintenance of an SF-2 Machine,” Bald- 
win-Lima-Hamilton Co., Philadelphia, Pa. 


Stress. psi 


ae 
: 
a = 
Aide 
| 1.40 
| S00 F 
108 107 108 
Wie. 


GOLDBERG AND LOMBARDO ON FATIGUE OF SHEET MATERIALS 


329 


Fic. 4.—S-N Curves for High-Tempera' 
Bending. 


& 


ae 


Hoay ~ OPH (50 KG) Before Testing 
Hy -DPH (50 KG) After Testing 
50 000 
= 
g 
% 40 000 3 
1800 F x 
4 
% 30000 
° 
— 
Pal =~ 7 
o 
5 
af 104 105 108 10" 108 
Cycles 


ture Sheet Material (0.060-in. WF-31) in Reversed 


Hoay ~ OPH (50 KG) Before Testing 


Hy -DPH(50 KG) After Testing 1500 F 
40 000 
% 30000 
1800 F 
e 
2 
10 000 


(DPH - 50 KG) 


10° 


1.30 =. 
120 
7 
BOO F 
— 1500 F 
108 107 108 
Cycles 


Fic. 5.—S-N Curves for High-Temperature Sheet Material (0.060-in. L-605) in Reversed Bending. 
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Hoay (SO KG) Before Testing 
Hy -DPH (50 KG) After Testing 
70 000 
3 
% 60 000 
° x 
2 
50 000 
° > 
40.000 120 ¢ 
2 
1000 F 
10% 10° 108 io” 10) z 
Cycles 


Fic. 6.—S-N Curves for High-Temperature Sheet Material (0.063-in. Timken Alloy) in Reversed 


Bending. 


indicated in the tables, the variation from 
the desired test temperature was not 
more than +10 F. 

Tests and calculations were conducted 
in the following manner: 

The effective weights of the specimens 
were experimentally determined from 


000 
1000 F Hoay (50 KG) Before Testing 
Hy DPG (SO KG) After Testing - 
60 000 1200 Fy 
> 
45 000 
1000 F --0-- 
40 000 1.00 
‘al 5 
104 10° 10® 10" 108 


Cycles 
Fic. 7.—S-N Curves for High-Temperature Sheet Material (0.070-in. HS No. 88) in Reversed 


both the natural frequency of vibration 
and the spring constant of each test 
specimen. The natural frequenc’ of 
vibration was obtained by applying type 
A-7 wire strain gages mounted on the 
specimens at the point of maximum 
stress. The test specimens were then 
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Hoay ~OPH(SOKG) Before Testing 
./000 F Hy -DPH(SOKG) After Testing 
80 000 
60 000 — 
20 000 200 F 
1000 F 
108 10" 108 
Cycles 


B pen 8.—S-N Curves for High-Temperature Sheet Material (0.060-in. Tinidur Alloy) in Reversed 


-N Curves for Sheet Material (0. 060-in. Code D) i in Re- 
ending. 


Hoav 


Hy 


DPH(SOKG) Before Testing 
OPH (SOKG) After Testing 


858 
‘ordness Ratio, (DPH-50 KG) 


—_ 


1000 F 
1200F 


8 8 


104 


Cycles 


a 


10° 


PH-50-KG) 


Hoay © 


Hardness Ratio 


g 
50 000 ‘ 
| 
45000 
ve 
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clamped in the specimen support of the 
SF-2 fatigue machine and the free end 
plucked. An oscillographic record of the 
natural frequencies was made. The 
spring constants of the specimens were 
determined from load versus deflection 
curves. 

The formula for the determination of 
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curs at point A or 2.875 in. from C as 
shown in Fig. 2. Point A is determined 


graphically by tangents to curved sur- 
faces. 


Test RESULTS 


The S-N curves for the sheet materials 
and conditions tested, as tabulated in 


Cycles 
Fic. 10.—S-N Curves for High-Temperature Sheet Material (0.060 19-9DL Code DL) in Re- 


versed Bending.. 


the effective weight used is given as 


W.. = effective weight, lb, 
K = spring constant, lb per in., 


g = acceleration of gravity, 386 in. 
per sec, per sec, 

fx = natural frequency, cps, and 

wn = circular frequency, 27f, radians per 
sec. 


The nominal stress at the point of 
fracture was calculated by using the 


familiar flexure formula, Stress = ms 


The maximum theoretical stress oc- 


Hoay OPH (SOKG) Before Testing 
Hy (SOKG) After Testing 
1000 F 
e 
— 5 
x 
x 
a 
1200 F 
£ 
1000 — > 
1.05 é 
e 
95 2 
10% 10° 108 107 10 3° 5 


Tables I, II, and III, are summarized in 
Figs. 3 to 11. 

Also included in Figs. 3 to 11 are data 
indicating the ratio of the change in 


hardness, - avg (ratio of the final 


hardness after test to the average hard- 
ness prior to test), of the material after 
test completion. An increasing ratio in- 
dicates that the material is aging under 
the conditions of test, while a decreasing 
ratio indicates an overaging or solution- 
ing effect. 


DISCUSSION OF RESULTS 


The fatigue properties of the alloys 
considered in this paper are unques- 
tionably influenced at elevated tempera- 
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1000 - 1200 F —» 
55 000 Ronge fo} 
1200F - 
1350 o /o® 
% 45 000 
35 000 
& > 
25 000 1.10 2 
ae 
1.00 =x 
2 
= 0390 § 
070 § 
105 108 10 108 
Cycles 
Fic. 11.—S-N Curves for High-Temperature Sheet Material (0.060-in. Discaloy) in Reversed 
Bending. 
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Timken Alloy 
HS 88 
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Stress, psi 
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20000 Z Z/9-9-DL (OL) WF-3/ 
/9-9-DL(D) V-36 

L-605 

000 

1000 1100 1200 1300 1400 i500 1600 1700 1800 
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Fic. 12.—Endurance Strength of the Materials at 5 X 10’ Cycles versus Temperature for Com- y “_ 
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tures by the many variables encountered 
in mill practice. For instance, recent un- 
published work at the Materials Engi- 
neering and Research Laboratory of the 
Westinghouse Electric Corp. indicates 
that in the Discaloy and Tinidur type 
alloys, grain size (as resulted from solu- 
tion temperature and prior rolling his- 
tory) is of vital importance in its effects 
on the endurance limit. On the other 
hand, alloys which derive their elevated- 
temperature strength from _hot-cold 
_ work are sensitive to the degree of re- 
duction at temperatures below the 
normal hot-working temperature. 
Therefore, the curves and data pre- 
sented in Fig. 12 are largely of a pre- 
liminary nature. If design information is 
- required, additional testing of several 
heats of the respective alloys would have 
to be accomplished. 
From the tests run at 1000, 1200, and 
1350 F, it is seen that the 19-9 DL (Code 
-D and DL) drops off in endurance 
strength much more rapidly than Dis- 


caloy, Tinidur, HS-88, and Timken 
_ Alloy. Although the Timken and Tinidur 
type alloys show the highest endurance 
Strength at 1000F, it is seen that at 
1200 F Timken, Tinidur, Discaloy and 

_ HS-88 have approximately the same 
strength. At 1350F, Tinidur has a 
slightly higher fatigue strength than 

_ Discaloy. A study of the Tinidur data 

- reveals that not only is the average 
Ho hardness higher than for Discaloy, 

but that the former has continued to 

age at the test temperatures while the 
latter is stable at 1000 and 1200 F, and 
overages at 1350 F. 


program. 
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Of the three materials tested at the 
high-temperature range of the program, 
1500 and 1800 F, the WF-31 alloy has 
decidedly the highest endurance strength 
at 1500 F. At 1800 F, the superiority of 
this alloy diminishes to a large extent. 
In fact, at the higher temperature, WF- 
31 and V-36 have approximately the 
same endurance strengths; that of L-605 
is slightly lower. A comparison of the 
S-N curves as shown in Fig. 12 reveals 
that L-605 has the flattest slope. - 

In these three alloys a comparison of 

A, 

the H, *¥8 curves show a completely 
different response to the simultaneous 
application of heat and stress. Alloy 
L-605 evidences an increase in hardness 
with time at 1500 F and a decrease at 
1800 F. The V-36 alloy shows a uniform 
increase in hardness at all test times at 
1500 F. At 1800 F the alloy indicates a 
drop in hardness. The WF-31 material 
reveals a striking increase in hardness at 
tests conducted at 1500 F with just as 
marked a decrease at 1800 F. 

For a complete evaluation of the high- 
temperature superiority of these alloys, 
it will be necessary to consider the results 
of the test programs from Allison, Gen- 
eral Electric, and Pratt & Whitney. 
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Committee C-1 held three meetings 
during the past year: in Atlantic City, 
N. J., on July 3, 1953; at Purdue 
University in West Lafayette, Ind., on 
October 21; and in Washington, D. C., 
on February 4, 1954. 

In recognition of their generous help 
over the years, the following two long- 
time members of Committee C-1 were 
made Honorary Members of the com- 
mittee: Ralph E. Roscoe, C-1 member 
since 1924, and George E. Warren, mem- 
ber of the committee for 21 years. At the 
Atlantic City gathering of the Society, 
Lee Walter, an Honorary Member of 
C-1, was honored as a 50-year member 
of the Society. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 


Chairman, R. R. Litehiser. , 
Vice-Chairman, W. C. Hanna. 
Secretary, W. S. Weaver. wt 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 
Subsequent to the 1953 Annual Meet- 
ing, Committee C-1 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 
Tentative Revision of Standard Method of Test 
for: 
Normal Consistency of Hydraulic Cement 
(C 187 - 49). 
Tentative Revision of Standard Specifications for: 
Masonry Cement (C 91 - 53). 


* Presented at the Fifty-seventh Annual 
Meeting of the Scciety, June 13-18, 1954. 
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These recommendations were accepted 
by the Standards Committee on Sep- 
tember 9, 1953 and the tentative revi- 
sions appear in the 1953 Supplement to 
Book of ASTM Standards, Part 3. 


NEw TENTATIVES 


The committee recommends that the 
following specification and method of 
test be accepted for publication as 
tentative as appended hereto:! 


Tentative Specification for Portland-Poz- 
zolan Cement. This tentative is the result of 
several years of study of the related questions. 

Tentative Short Method of Test for Heat of 
Hydration of Portland Cement. This tentative 
provides a method that is shorter than the 
Standard Method of Test for Heat of Hydra- 
tion of Portland Cement (C 186 — 53); however, 
Method C 186 is to govern in case of dispute. 
The short method is essentially the same as the 
corresponding short method that will appear in 
the new text of the Federal Specification, 
SS-C-158c. 


REVISION OF TENTATIVES 


The committee recommends for revi- 
sion and continuation as tentative the 
following: 

Tentative Specifications for Air-En- 
training Additions for Use in the Manu- 
facture of Air-Entraining Portland Cement 
(C 226 - 52 T)2 

Section 10(b)—Change to read as 
follows: 

(b) Flexural Sirength.—Tentative Method of 
Test for Flexural Strength of Concrete (Using 


Simple Beam with Center-Point Loading) 
(ASTM Designation: C 293 - 52 T). 


1The new tentatives were accepted by the 
Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 3. 

2 1952 Book of ASTM Standards, Part 3. 
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Section 10(c).—Change to read as fol- 


lows: 


(c) Resistance to Freezing and Thawing.— 
Tentative Method of Test for Resistance of 
Concrete Specimens to Rapid Freezing and 
Thawing in Water (ASTM Designation: 
C 290-52 T) shall be used, except that the 
specimens shall be tested at the end of the 28- 
day curing period. 


These changes are in the interest of 
brevity and uniformity of procedure. 

Tentative Method of Test for Calcium 
Sulfate in Hydrated Portland Cement 
Mortar (C 265 - 51 T).*—Based on the 
results of cooperative studies completed 
since the acceptance of the current text 
of this tentative, the committee recom- 
mends that in the interest of accuracy 
and dependability of results the method 


be revised as appended hereto. 


TENTATIVE REVISION OF STANDARD 


Standard Method of Test for Autoclave 
Expansion of Portland Cement (C 151 - 
53).\—In answer to the question that 
had arisen as to what should be the 
standard procedure in the case of a re- 
test under this method, the committee 
now recommends the following tentative 
revision of this standard: 

Section 7: Retesis——Change to read as 
follows: 


7. In the event of a retest, as provided in 
Section 9(d) of Specifications C 150, three 
specimens prepared according to Section A of 
Method C 151 shall be used, and the average 
expansion of these three specimens shall be 
recorded as the autoclave expansion of the 
sample. 


ADOPTION OF TENTATIVE AS STANDARD 


Tentative Specifications for Natural 
Cement (C 10 —- 52 T).*—These specifica- 
tions have been published as tentative 


’The revised method was accepted by the 


- Society and appears in the 1954 Supplement to 


Book of ASTM Standards, Part 3. 
41953 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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since 1949, with minor revisions made 
in 1952. The committee now recom- 
mends that this tentative be adopted as 
standard, to replace the current Stand- 
ard Specification for Natural Cement 
(C 10 - 37),? which is accordingly now 
recommended for withdrawal. The older 
specification has remained unchanged 
since 1937 and is apparently no longer 


used. 

REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends the fol- 
lowing revision for immediate adoption, 
and accordingly asks for the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that this recom- 
mendation may be referred to letter 
ballot of the Society: 

Standard Method of Test for Autoclave 
Expansion of Portland Cement (C 151 - 
53).‘ 

Section 5(b)—In line 17, change 
“1 hr.” to “1% hr.” This change is de- 
sired in order to allow an acceptable and 
desirable lengthening of the cooling 
period. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives be continued as 
tentative without change at this time. 
Most of these tentatives are the subjects 
of current studies within the committee. 


Tentative Methods of Test for: 


Sodium Oxide and Potassium Oxide in Portland 
Cement by Flame Photometry (C 228- 
49 T), 

Time of Setting of Hydraulic Cement in Mortar 
(C 229 - 52 T),5 

Time of Setting of Hydraulic Cement by Gill- 
more Needles (C 266-51 T), and 

Potential Alkali Reactivity of Cement-Ag- 
gregate Combinations (C 227 - 52 T). 


Tentative Methods of Chemical Analysis of: 
Portland Cement (C 114-51 T). 


5 See Editorial Note, p. 337. 
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le Tentative Specifications for: 

n- Flow Table for Use in Tests of Hydraulic 
aS Cement (C 230 - 52 T). 

1. Tentative Definition of the Term: 

Pozzolan (C 219 - 53 T). 


" The recommendations appearing in 
d this report have been submitted to letter 
OT ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


|. During the year the various subcom- 
1, mittees have been engaged in studying 
y many of the questions related to their 
e respective fields. Among recent or cur- 
\- rent series of cooperative test programs 
r have been those related to flame pho- 


tometry and the short method for de- 
termining heat of hydration of cement. 
* The effect of mechanical mixing on stand- 
ard mortars forms part of a very exten- 
sive current investigation in which 
there is also being studied the perform- 
ance of mortars when tested by a pro- 
posed method of test for flexural strength 
of mortar bars and for compressive 
strength of the resulting portions of the 
bars when tested as “modified” cubes. 
A considerable number of laboratories 
have been seeking improvement in the 


Va 


® The letter ballot vote on these recommenda- 
F tions was favorable; the results of the vote are 
S on record at ASTM Headquarters. 


Tentative Method of Test for: 


ASTM Standards, Part 3. 


CEMENT 


Note 


Subsequent to the Annual Meeting, Committee C-1 sais to » the — throu 
the Administrative Committee on Standards the following recommendations: 


9 Flexural Strength of Hydraulic-Cement Mortars (C 348 —- 54 T), and 
7 Compressive Strength of Hydraulic-Cement Mortars Using Portions of Prisms 
Broken in Flexure (C 349 — 54 T). 
_ Revision and Reversion to Tentative of Standard Method of Test for: 
7 Compressive Strength of Hydraulic Cement Mortars (C 109- 52). 
_ Withdrawal of Tentative Method of Test for: 
Time of Setting of Hydraulic Cement in Mortar (C 229 - 52 T). 


These recommendations were accepted by the Standards Committee on September 
28, 1954, and the new and revised methods appear in the 1954 Supplement to Book of 


tentative test for calcium sulfate in 
hydrated cement mortars. Reports were 
made on the effects of “fluffing” the 
sample when making the air-permeability 
fineness test, also upon variables in- 
volved in the determination of the spe- 
cific gravity of finely divided materials. 
An investigation of the tentative test 
for bleeding of cement pastes and mor- 
tars is engaging numerous laboratories, 
and thirteen laboratories are making 
further study of tests for sulfate re- 
sistance of cements. One new subcom- 
mittee has been studying questions re- 
lated to slag cement, while another new 
subcommittee has but recently entered 
into the investigation of “false set” of 
cements. Matters relating to specifica- 
tions for portland cements, masonry 
cements, and blended cements are being 
continuously studied by the three re- 
spective sponsoring committees. 


This report has been submitted to = 
letter ballot of the committee, which 
consists of 89 voting members; 80 mem- 
bers returned their ballots, all of whom _ 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. R. LiTEsISER, 
Chairman. 
W. S. WEAVER, 
Secretary. 
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ON 
MAGNESIUM OXYCHLORIDE AND MAGNESIUM OXYSULFATE 
CEMENTS* 


Committee C-2 on Magnesium Oxy- 
Magnesium Oxysulfate 
- Cements met once during the year: on 


é _ February 4, 1954, during the ASTM 


Committee Week i in Washington, D. C. 
The committee records the resigna- 


tion of Lansing S. Wells as Chairman 


_ with much regret. Dr. Wells served as 
_ Chairman since the committee was 
- formed in 1947, With the addition of one 

new member during the year, the com- 
_ mittee now consists of 20 members, of 

whom 9 are classified as producers, 7 
as consumers, and 4 as general interest 
members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, D. S. Hubbell. 
Vice-Chairman, A. C. Zettlemoyer. 
Secretary, J. B. James. 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 


The committee recommends that the 
Standard Method of Test for Ignition 
Loss and Active Calcium Oxide in Mag- 
nesium Oxide for Use in Magnesium 


_ Oxychloride Cements (C 247 - 52)' be 


revised as appended hereto? and reverted 
to tentative status. This revision is 
recommended because some of the 
laboratories have experienced difficulty 


in using the present method of test. 


EDITORIAL CHANGES 
Committee C-2 recommends editorial 
revisions in the following standards. 
* Presented at the Fifty-seventh Annual 


Meeting of the Society, June 13-18, 1954. 
11952 Book of ASTM Standards, Part 3. 
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Some of these changes are for the pur- 
pose of correcting errors which have 
been noticed since the initial publication 
of the standards. 

Methods for Chemical Analysis of 
Magnesium Chloride (C 245 — 52):! 

Section 6(f).—In line 5 change “weigh 
out 0.6 g” to read “weigh out 0.25 to 
0.30 g.” Change equation and definitions 
of terms to read: 


A 
N= 5x 0067 
where: 


A = grams sodium oxalate, 


B milliliters KMnQ, solution re- 
quired for the titration, 
N = normality of the KMn0O, solu- 


tion, and 
0.067 = milliequivalent weight of so- 
dium oxalate. 


Section 7(a).—Change equation to 
read as follows: 
12.5 X 0.95B 
0.101 X 100 

Section 10(a).—In lines 4 and 5 sub- 
stitute “sulfate” for “‘SO,.” 

Section 10(e)—Change the equation 
to read as follows: 


A= 


A X 0.00292 
1.6 


In line 4 of the note, change “0.0012” 
to “0.0029.” 

Method of Test for Bulk Density of 
Magnesium Oxychloride Cements 
(C 248 52):! 

? The revised method was accepted by the 


Society and appears in the 1954 ‘eee to 
Book of ASTM Standards, Part 3 


NaCl, per cent = X 100 
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Section 5(b)—Change the second 
equation to read as follows: 


Bulk density, Ib. per cu. ft. = B X 62.4 


Method for Mixing Magnesium Oxy- 
chloride Cement Compositions with 
Gauging Solution (for Preparation of 
Specimens for Laboratory Tests) 
(C 251 - 52): 

Section 6.—In last line, change “three” 
to “ten.” 

Methods of Test for Linear Change of 
Magnesium Oxychloride Cements (C 
253 — 52):! 

Section 7(a) (2).—Change lines 9 
through 15 to read as follows: 

graduated to at least 0.001 in. The 
graduations shall be such that length 
changes of 0.0001 in. may be estimated. 
When tested at any point throughout 
its range, the error shall not be greater 
than +0.002 in. The difference between 
repeated measurements shall be not 
greater than 0.0001 in.” 

Section 9(a).—Change dimension at 
left of center drawing from “¥ in.” to 
in.” 

Section 12.—In Item (2) of the Note 
change “O.xyz per cent” to read “=, as 
the case may be, O.xyz per cent.” 

Method of Test for Setting Time of 
Magnesium Oxychloride Cements (C 
254 — 52):! 

Section 5(a).—In line 13 change “cor- 
responding initial” to read “‘correspond- 
ing to initial.” 

‘Method of Test for Consistency of 
Magnesium Oxychloride Cements by 
the Flow Table (C 255 — 52):! 

Section 2(a).—Change lines 6 through 
8 to read as follows: 

..except that (1) the apparatus may 
be operated either manually or by means 
of a motor and (2) that the apparatus 
be adjusted to }-in. drop.” 

Method of Test for Flexural Strength 
of Magnesium Oxychloride Cements 
(Using Simple Bar with Two-Point or 
Single-Point Loading) (C 256 — 52): 


Section 4(b).—In line 3 change “12 
hr after final set” to read “not less than 
12 hr or more than 24 hr after final 
set.” 

Specifications for Oxychloride Mag- 
nesia (C 275-51 T):! 

Section 2.—In line 8 delete “the chlo- 
ride or sulfate content of.” 

Section 5.—In line 2 change “‘moisture- 
proof” |to read “moisture resistant.” 

Section 6.—In Table I, line 7, change 
“Volume change, linear’ to read “Linear 
change.” 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 


Meeting.’ 1 
SUBCOMMITTEE ACTIVITIES 


Subcommitiee I on Specifications and 
Definitions (A. C. Zettlemoyer, chair- 
man) is working on definitions and terms 
for magnesium oxychloride cements. 

Subcommittee II on Methods of Test 
(H. H. Miller, chairman) is reporting 
progress on a method of test to deter- 
mine wear resistance of magnesium 
oxychloride compositions. There are two 
other tests in the development stage, 
one to determine shear strength of bond- 
ing media and the other to determine 
water resistance of magnesium oxy- 
chloride cements. 

This report has been submitted to 
letter ballot vote of the committee, 
which consists of 20 members; 16 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 

Respectfully submitted on behalf of 
the committee, 

D. S. HuBBELL, 
Acting Chairman. 
J. B. JAMEs, 
Secretary. 
3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


e- 
. 
f 
; 
3 


Committee C-3 on Chemical-Resistant 
Mortars held three meetings during the 
year: on June 29, 1953, in Atlantic 
City, N. J.; on November 5, 1953, at 
ASTM Headquarters, Philadelphia, Pa.; 
and on February 5, 1954, in Washington, 
D.C. 

The membership of Committee C-3 
now consists of 24 members, of whom 9 
are classified as producers, 7 as con- 
sumers, and 8 as general interest mem- 
bers. There are 3 consulting members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, Beaumont Thomas. 

Vice-Chairman, C.R. Payne. 
Secretary, E. A. Reineck. War 


New TENTATIVES 


The committee recommends that the 
Method of Test for Bond Strength of 
Chemical-Resistant Mortars as ap- 
pended hereto! be accepted for publica- 
tion as tentative. 


ADOPTION OF TENTATIVES AS STANDARDS 


The committee recommends that the 
following two tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard with certain 
editorial changes: 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 The new tentative was accepted by the So- 
ciety and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 3. 

2 1952 Book of ASTM Standards, Part 3. 


REPORT OF COMMITTEE C-3 
ON 


CHEMICAL-RESISTANT MORTARS* 


Tentative M ethod of Test for: 
Chemical Resistance of Hydraulic-Cement Mor- 
tars (C 267 - 51 T),? and 


Tentative Specification for: 


Sulfur Mortar (C 287 - 52 T).2 ~~ 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the Committee, the results of 
which will be reported at the Annual 
Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Silicate Mortars 
(R. F. Strigle, chairman) has concen- 
trated its efforts on the chemically set- 
ting type of silicate mortars. Tentative 
methods are being considered for the 


determination of tensile strength, com- 


pressive strength, and bond strength of 
these mortars, and a series of tests is 
being planned to determine the relia- 
bility of the test methods under con- 
sideration. 

Subcommitiee III on Resin Mortars 
(H. B. Staley, chairman) has pursued 
the development of a method of test for 
determining the water absorption of 
resin mortars and such a method has 
been developed to the point where tests 
to determine reliability are being 
planned. Consideration of methods for 
determining the coefficient of thermal 
expansion, flexural strength, and service 
temperature has also been initiated. 

Subcommittee VIII on Bond Strength 

* The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


lo @ 
lica 
re 
bas 
che 
res 
for 
in 
ogee 


(J. R. Allen, chairman) has agreed upon 
a method for determining bond strength 
which is being recommended for pub- 
lication as tentative. 

Subcommittee IX on Chemical Re- 
sistance (R. H. Steiner, chairman).— 
A method of test for chemical resistance, 
based on weight change, has been 
checked by several laboratories with 
results showing excellent agreement. It 
is planned to check another procedure 
for chemical resistance based on changes 
in tensile strength. 
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On CHEMICAL-RESISTANT MORTARS 


This report has been submitted to 
letter ballot of the committee, which 
consists of 24 members; 21 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectively submitted on behalf of 
the committee, 
BEAUMONT THOMAS, 
Chairman. 
J. R. ALLEN, ip @ soe 
Secretary. 
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Secretary, R. G. Scott. 


Subsequent to the Annual Meeting, 


- Committee C-4 presented to the Society slay min, lb per 
th h th Ad Cc Size, in. linear ft 
_ through the Administrative Committee a 
on Standards the following recommenda- 1500 

1650 
Tentative Specification for: 13 1800 
Clay ‘Flue Lining (C 315 - 53 T). ‘Wi 
Revision of Tentative Specification for: 3600 
These recommendations were accepted 

by the Standards Committee on Septem- 


ber 9, 1953, and the new and revised 
specifications appear in the 1953 Supple- 
ment to Book of ASTM Standards, 


Part 3. 


ADOPTION OF TENTATIVES 
AS STANDARD 


Committee C-4 recommends that the 
following tentatives be approved for 
_teference to letter ballot of the Society 


: * Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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Committee C-4 held one meeting dur- 
ing the year: in Atlantic City, N. J., on 
June 30, 1953, at the time of the Annual 

Meeting of the Society. The election of 

officers for the ensuing term of two years 

resulted in the selection of the follow- 


g: 
Chairman, J. C. Riedel. 
Vice-Chairman, D. G. Miller. 


CLAY PIPE* 


for adoption as standard with revisions 
as indicated: 


Tentative Methods of Testing Clay Pipe 
(C 301 -52 

Tentative Recommended Practice for Instal- 
ling Clay Sewer Pipe (C 12-51 T).! 


Tentative Specifications for Standard 
Revie Clay Sewer Pipe (C 13-50 T)— 


Revise as follows: 
co _ Section 11.—Revise editorially by the 


RECOMMENDATIONS ACCEPTED BY THE €limination of the word “plain” from 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


the first sentence of Paragraph (a). 
Table I.—Revise Column 3, Sand 
Bearing Method, to read as follows: 
Average Strength, 


Tentative Specifications for Standard 
Strength Ceramic Glazed Clay Sewer 
Pipe (C 261 50 T).\—Revise as fol- 
lows: 

Table I.—Make the same change as in 
Table I of Specifications C 13 — 50 T 
above. 


APPROVAL AS AMERICAN STANDARDS 


Committee C-4 recommends upon 
adoption as standard of the above tenta- 
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tives that they be referred to the Ameri- 
can Standards Association for approval 
as American Standard. 


The recommendations appearing in 
this report have been submitted to letter 
ballot vote of the committee, with 24 
members voting affirmatively and 0 
negatively. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee II on Specifications 
(J. O. Everhart, chairman) is continuing 
its study of proposed revisions in all of the 
clay pipe specifications with the purpose 
of amending their crushing strengths, 
basing such changes upon sound ceramic 
engineering data and principles. 


On CLAy PIPE 


Subcommitiee 11I on Flue Lining (W. 
D. Anderson, chairman) is continuing 
its review of the new tentative specifica- 
tion for clay flue lining for the purpose 
of amplifying it with the addition of 
suitable physical and service qualifica- 
tions. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 28 members; 24 members re- 
turned their ballots, of whom 22 have © 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. C. Rrepet, 
Chairman. 


Secretary. 
i: 


Committee C-8 on Refractories held 
two meetings during the year: the eighty- 
fourth at Bedford Springs, Pa., on Sept. 
17, 1953, and the eighty-fifth in Wash- 
ington, D. C., on February 4, 1954. 

At the present time there are 40 
members on the committee, of whom 19 
are classified as producers, 13 as con- 
sumers, and 8 as general interest mem- 
bers. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, R. B. Sosman. 
Vice-Chairman, J. J. Hazel. 
Secretary, W. R. Kerr. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 

ing, Committee C-8 presented to the 
Society through the Administrative 
Committee on Standards the Tentative 
Classification for Single- and Double- 
Screened Ground Refractory Materials 
(C316-53T). The classification was 
accepted by the Standards Committee 
on September 9, 1953, and it appears in 
the 1953 Supplement to Book of ASTM 
Standards, Part 3. 


TENTATIVE REVISIONS OF 
STANDARDS 
Standard Definitions of Terms Re- 
lating to Refractories (C 71-51).! The 
committee recommends for publication 
* Presented at the Fifty-seventh Annual 


Meeting of the Society, June 13-18, 1954. 
7 11952 Book of ASTM Standards, Part 3. 
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ON 


REFRACTORIES* 


the following tentative revision of this 
standard: 

Add the following two definitions to 
the existing list of tentative revisions: 


Mullite Refractories.—Refractory products 
consisting predominantly of mullite 
(3Al,03-2SiO2) crystals formed either by con- 
version of one or more of the sillimanite group 
of minerals or by synthesis from appropriate 
materials employing either melting or sintering 


processes. 
Silicon Carbide Refractories.—Refractory 
products consisting predominantly of silicon 
carbide. 


Standard Specifications for Fireclay- 
Base Castable Refractories for Boiler 
Furnaces and Incinerators (C 213- 
51).1 The committee recommends for 
publication the following tentative re- 
visions of this standard: 

Section 2—Delete the last sentence. 
Change the Note following Section 2 to 
read as follows: 


Norte.—Castable refractories are furnished in 
coarse and fine grade. Ordinarily, coarse grade 
should not have more than 0.5 per cent retained 
on a 14-in. sieve and fine grade not more than 
0.5 per cent retained on a No. 3 sieve. The par- 
ticle size should be determined by the dry 
method of ASTM Method C 92, using a 500-g 
sample obtained by carefully quartering a 100-Ib 
bag sample. Castable refractories of either the 
coarse or fine grade may be used for making 
shapes having a thick section, but when the 
thickness of the shape or wall is to be of the order 
of 2 in. or less, fine grade only should be used. 


Section 3——In line 5, delete “for class 
27c or 27f.” 

Section 4-——In lines 5 and 6, delete 
“for castable refractories of class 24c 
or 24f.” ‘= 
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Section 5.—Change to read as follows: 


5. The castable refractory of either class 24 
or class 27 shall conform with the test require- 
ments specified in Table I. 


Table I—Delete the requirements for 
particle size for all four types of classes 
24 and 27, including explanatory Foot- 
note a. 

Section 9—Delete Paragraph (a), Par- 
ticle Size, and renumber the subsequent 
paragraphs. 


ADOPTION OF TENTATIVE AS 
STANDARD 


The committee recommends that the 
Tentative Method of Test for Dis- 
integration of Fireclay Refractories in 
an Atmosphere of Carbon Monoxide 
(C 288 - 52 T)! be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard with minor edi- 
torial changes. 


ADOPTION OF TENTATIVE 
REVISION AS STANDARD 


Standard Methods of Test for Crush- 
ing Strength and Modulus of Rupture 
of Insulating Fire Brick at Room Tem- 
perature (C93-46).! The committee 
recommends the adoption as standard 
of the tentative revisions relating to 
Section 4 (c) and Section 8 (0) of this 
Standard, issued June, 1952.? 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends continu- 
ation of the following two methods as 
tentative in order to accumulate addi- 
tional information on their applicability: 


Tentative Method of Test for Modulus of 
Rupture of Castable Refractories (C 268 - 
51 T), and 

Tentative Method of Test for Permanent 
Linear Change on Firing of Castable Re- 
fractories (C 269 - 51 T). 


21953 Supplement to Book of ASTM Stand- 
ards, Part 3. 
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EDITORIAL CHANGES 


Standard Method of Test for Thermal 
Conductivity of Refractories (C 201 - 
47),' and Standard Method of Test for 


Thermal Conductivity of Fireclay Re- 


fractories (C 202 - 47).! The committee 

recommends _ the 

change in these standards: 
Section 1—Add the following: 


This test method is designed for refractories 
having a conductivity factor of not more than 
30 Btu per sq ft per hr per deg Fahr, for a thick- 
ness of 1 in. 


This statement will indicate that the 


standard method of determining thermal : 


conductivity is designed for refractories 
having a conductivity in the range of 
that of fireclay refractories. This addi- 
tion will caution against using the 
method for certain special refractories of 
high thermal conductivity for which it 
might not be satisfactory. 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, the re- 
sults of which will be reported at the 
Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Industrial Survey 
(R. P. Stevens, chairman) has made 
progress with revision of the surveys 
now in the Manual and has a new survey 
on open-hearth and bessemer hot-metal 
mixers ready for editorial review. 

Subcommittee II on Research (S. M. 
Swain, chairman) has continued its 
series of problems for research connected 
with the testing of refractories. These 


are being published in the ASTM But- — 


LETIN. 
Subcommitiee III on Tests (S. M. 
Phelps, chairman) has approved the 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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recommendations on methods of test 
given elsewhere in this report. 

Section (A) on Load (A. J. Metzger, 
chairman) is at work on three projects: 
effect of design factor on modulus of 
rupture, miniature hot load test, and 
temperature distribution in the specimen 
brick in the standard hot load test. 

Section (C) on Temperature (J. L. 
Carruthers, chairman) reports that the 
standardization project at the National 
Bureau of Standards for a revised table 
of temperature equivalents of pyrometric 
cones is expected to be completed in 
1954 and will be offered as a revision of 
the Appendix to the Method of Test for 
Pyrometric Cone Equivalent (P.C.E.) 
of Refractory Materials (C 24). 

Section (F) on Refractory Insulation 
(W. L. Stafford, chairman) is prepared 
to add a class 30 to the Classification 
of Insulating Fire Brick (C 155) as soon 
as three manufacturers are ready to 
qualify under such classification. 

Section (G) on Porosity and Perma- 
nent Volume Change (S. M. Swain, 
chairman) reports progress on methods 
for the bulk density of granular re- 
fractories. 

Subcommittee IX on Classifications 
(A. H. Couch, chairman) is still at work 
on a thorough revision of the Standard 
Classification of Fireclay Refractories 
(C 27 — 41). A new Section (A) on Pour- 
ing Pit Refractories (H. F. West, chair- 
man) is collecting information on which 
to base a classification of ladle brick used 
in the ferrous metals industry. 
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Subcommittee X on Microscope Methods 
(A. W. Allen, chairman) is preparing a 
revised section for the Refractories 
Manual, on microscope techniques in 
the study of refractories. 

Subcommittee XI on Special Refrac- 
tories (H. C. Fisher, chairman) has pre- 
pared analytical methods for silicon 
carbide refractories of low bond content, 
to include the following constituents: 
SiC, CaO, MgO, and alkalies; these will 
be reviewed by Section III (E). Load 
test methods are in preparation. Two 
definitions have been adopted (see 
Tentative Revisions, above). It is the 
intention of the Subcommittee to co- 
operate on all points with committees 
of the Special Refractories Assn. 

Subcommittee XII on Carbon Refrac- 
tories (E. B. Snyder, chairman) has out- 
lined test methods for reheat, thermal 
conductivity, permeability, oxidation, 
analysis for carbon, P.C.E. of ash, ap- 
parent porosity, and bulk density. These 
proposals will be assigned to appropriate 
subcommittees for review. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 38 members; 37 members re- 
turned their ballots, of whom 36 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
ROBERT B. SosMAN, 
Chairman. 


W. R. Kerr, J 
Secretary. 
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Committee C-9 on Concrete and 
Concrete Aggregates held three meetings 
last year: on July 1, 1953, during the 
Annual Meeting of the Society in 
Atlantic City, N. J.; on October 23, 
1953, at Purdue University, Lafayette, 
Ind.; and on February 2, 1954, in Wash- 
ington, D. C., during ASTM Committee 
Week. 

On March 20, 1954, the committee 
suffered the loss through death of J. J. 
Paine, who had been a member since 
1942; and on May 26, 1954, the loss of 
Mr. Shreve Clark, who had been a meim- 
ber since 1940. 

During the year the committee 
adopted a complete set of revised state- 
ments of scopes for its subcommittees, 
established two new subcommittees, and 
reactivated one. A special subcommittee 
reviewed the committee’s research ac- 
tivities and suggested extension thereof. 
Another special subcommittee studied 
the status of the 1943 edition of “Report 
on Significance of Tests of Concrete and 
Concrete Aggregates” and presented a 
recommendation covering a plan for a 
new publication. The plan was approved 
and the work is in progress. A revision 
of the Regulations Governing Com- 
mittee C-9 was prepared and circulated. 

Five new members were appointed to 
the committee during the year. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, W. H. Price. 
Vice-Chairman, Fred Hubbard. 
Secretary, Bryant Mather. 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


ON 
CONCRETE AND CONCRETE AGGREGATES* 


RECOMMENDATIONS ACCEPTED BY THE 


ADMINISTRATIVE COMMITTEE a 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 

ing, Committee C-9 presented to the ; | 
Society through the Administrative 
Committee on Standards the following | 
recommendations: 
Tentative Specifications for: 

Lightweight Aggregates for Structural Concrete 

(C 330-53 T), and 
Lightweight Aggregates for Concrete Masonry 

Units (C 331 - 53 T). 

These recommendations were accepted 
by the Standards Committee on 
cember 16, 1953, and the new specifica- 
tions appear in the 1953 Supplement to 
Book of ASTM Standards, Part 3. 


New TENTATIVES 
The committee recommends that the 
following methods be accepted for “a 
cation as tentative, as appended hereto:! 
Tentative Methods of: 
Test for Volume Change of Concrete Products, — 


and 
Test for Potential Volume Change of Cement- _ 
Aggregate Combinations. 


A final report of cooperative tests 
conducted to acquire data for the pro- 
posed potential volume change method 
of test has been prepared by Subcom- 
mittee II-b and is published as an 
appendix to this report.2 Complete data 
are also included on a proposed tentative 
method of test for potential sboormal 
expansion of cement-aggregate combi- _ 
nations. 


1The new tentatives were accepted by the 
Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 3. 
2 See p. 356. 
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REVISION OF TENTATIVES 


_ The committee recommends for re- 


vision and continuation as tentative the 


following: 


Tentative Method of Test for Volume 
Change of Cement Mortar and Concrete 


157-52 T)3 


Section 8(9).—Revise 
follows: 


“Volume change data, recorded as linear 


to read as 


contraction during dry storage, shall be reported 
as per cent change in linear dimension to the 
nearest 0.01 per cent, and” 


Ee during moist curing and as linear 


This change is recommended because 
results of this test are normally cited in 
per cent. 
Tentative Method of Test for Potential 
Reactivity of Aggregates (Chemical 
Method) (C 289 52 T):3 
Section 4(d).—Delete this section and 
renumber Section 4(e) as 4(d). 
_ Section 14.—In Paragraph (a), replace 
the semicolon in line 6 with a period and 
delete the subsequent portion. 
_ In Paragraph (0) delete the first for- 
mula. In the descriptions of V2 and V3; 
change “neutralize the hydroxide ion” 
to “attain the phenolphthalein end 
point.” Delete the descriptions of P 
and T. 
_ Insert at the end of Paragraph (a) 
and at the end of line 2 of Paragraph 
(6) the word “(Note)” and add the 
- following note to the end of Section 14: 


“Note.—The procedure and calculation de- 

_ scribed above shall be followed in obtaining 
~ values for R, to be used together with S, values 
to evaluate the potential reactivity of aggregates. 
Additional information may be obtained if a 
further titration is made to the methyl orange 
end point and additional calculations are made. 
After the phenolphthalein end point has been 
reached, add 2 or 3 drops of methyl orange 
solution (0.1 g of methyl orange in 100 ml 

_ of water) and titrate to the methyl orange end 
- point. Let P equal milliliters of HCl used to 
_ obtain the phenolphthalein end point and T 


equal the total milliliters of acid used to obtain 


31952 Book of ASTM Standards, Part 3. 
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the methy] orange end point. Calculate a value 
of R, based on the two end points, using the 
formula given in Section 14(b) substituting 
values of V2 and V; obtained from the equation: 


Ve, V3 = 2P — T.” 


This change is recommended to 
provide that tests made to evaluate 
aggregates by published criteria be 
conducted in accordance with the pro- 
cedures used in establishing the criteria. 

Tentative Method of Test for Flexural 
Strength of Concrete (Using Simple 
Beam with Center-Point Loading) 
(C 293 - 52 

Section 5.—Change line 1 to read 
“Measurements within an accuracy of 
at least 0.05.” 

Sections 7(2) and 7(3): Delete “to 
the nearest 0.05 in.” 

These changes are recommended to 
improve the accuracy with which the 
measurements are made. 

Tentative Descriptive Nomenclature of 
Constituents of Natural Mineral Aggre- 
gates (C 294 52 

Section 5.—In the second sentence, 
change “They are silicates of aluminum, 
and, since they all” to “Since all feld- 
spars.” 

Change the sixth sentence and re- 
mainder of section to read as follows: 


“Orthoclase, sanidine, and microcline are sili- 
cates of aluminum and potassium, and are fre- 
quently referred to as the ‘potash’ or potassium 
feldspars. The plagioclase feldspars include those 
that are silicates of aluminum and sodium, alumi- 
num and calcium, or aluminum and both sodium 
and calcium. This group is frequently referred 
to as the ‘soda-lime’ group and includes a con- 
tinuous series, of varying chemical composition, 
from albite, the aluminum-sodium feldspar, to 
anorthite, the aluminum-calcium feldspar, with 
intermediate members of the series designated 
oligoclase, andesine, labradorite, and bytownite. 
Feldspars containing potassium or sodium occur 
typically in granitic and rhyolitic rocks, whereas 
those of higher calcium content are found in 
rocks of lower silica content such as diorite, 
gabbro, andesite, and basalt.” 


Section 7.—Delete the third sentence. 
Change the last two lines to read as 
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follows: ‘‘with effervescence only if the 
acid or the sample is heated or if the 
sample is pulverized.” 

Section 9.—In line 1, after “rock” 
add “or other natural material.” In 
lines 4 and 5, change “(hydrous alumi- 
num silicates)” to read “(hydrosilicates 
of aluminum or magnesium or both).” 
In line 5, after “minerals” add “gen- 
erally.” In line 12, replace “changes” 
with “change.” In line 15, after “through 
limestones” add “and other sedimentary 
rocks.” 

Section 10.—In line 7, change “only” 
to “mainly.” In line 13, following “acid” 
add the phrase “and formation of iron 
oxides and hydroxides and, to a much 
lesser extent, sulfates.” 

Section 11.—In lines 4 and 8, after 
“brown” add “or yellowish.” 

Section 12.—Replace line 6 with 
“laumontite, natrolite, and heulandite, 
are reported to have produced deleterious 
effects in concrete, the latter two having 
been reported.” 

Section 13—In line 6, before “extru- 
sive” add “shallow-intrusive.” In line 
7, delete “intrusive.” In line 9, delete 
“extrusive.” In line 15, after “cooling” 
add “or other physicochemical condi- 
tions.” 

Section 14.—In Paragraph (a), revise 
second sentence to read: “The charac- 
teristic feldspars are orthoclase, micro- 
cline, or albite.” 

In Paragraph (6), 
“potash.” 

In Paragraph (c), lines 4 and 5, trans- 
pose the order of “biotite” and “horn- 
blende.” 

In Paragraph (d), line 7, change 
“lime” to “calcium-rich.” 

Change Paragraph (e) to read as 
follows: 

“Rocks composed almost entirely of 
olivine or of both olivine and pyroxene 
are known as peridotites. Pyroxenites 
are composed almost entirely of 
pyroxene.” 


line 3, delete 


Section 15.—Change the last three 
lines of the first paragraph to read as 
follows: “constituent minerals, or the 
rocks may be partially or wholly glassy.” 

In Paragraph (a), line 7, change 
“type” to “-like.” In line 12, change 
“synthetic” to “artificial.” 

In Paragraph (6), line 2, change “ex- 
trusive” to “igneous.” In line 5, change 
“extrusive” to “fine-grained.” In line 9, 
delete “at times.” 

Section 16.—In lines 3 and 4, change 
‘fn some cases wind action may have 
been important” to “wind action oc- 
casionally is important.” _. 

Section 17.—Change to read as follows: 


“17, Carbonate rocks are generally referred 
to as limestones unless more than 50 per cent 
of the carbonate constituent is known to consist 
of the mineral dolomite, in which case they are 
called dolomites. If 50 to 90 per cent of the 
carbonate content is the mineral calcite, the 
rock may be called dolomitic limestone; if 50 to 
90 per cent is the mineral dolomite, the rock 
may be called calcitic dolomite. Most carbonate 
rocks contain some noncarbonate impurities 
such as silica minerals, clay, organic matter, or 
hydrous calcium sulfate (gypsum). Carbonate 
rocks containing 10 to 50 per cent sand are 
arenaceous (or sandy) limestones (or dolomites); 
those containing 10 to 50 per cent clay are 
argillaceous (or clayey or shaly) limestones (or 
dolomites). Marl is a clayey limestone which is 
fine-grained and commonly soft. Very soft 
carbonate rocks are known as chalk or ‘lime 
rock.’ Limestone recrystallized by metamorphism 
is known as marble.” 

“Note.— Magnesium limestone’ is sometimes 
applied to dolomitic limestones and calcitic 
dolomites but it is ambiguous and its use should 
be avoided. The term ‘lime rock’ also is not 
recommended.” 


Section 18.—In Paragraph (a), line 4, 
change “larger than sand”’ to “of gravel.” 
In line 9, after “if” add “the grains and 
the cement are largely quartz and.” 
In line 14, after “material” add “of 
sandstone.” 

Change Paragraph (b) to read as 
follows: 


“Graywacke is sandstone containing abundant 
dark particles of rocks, such as chert, slate, 
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phyllite, and schists, in addition to mineral 
grains and a matrix resembling shale or slate.” 


Section 19.—In line 3, after “soft” 
add “and massive.” In line 6, after 
“harder” add “and platy.” In line 10, 
after “these” add “metamorphic.” 
Section 20.—Revise line 1 to read as 
_ follows: “Chert is a very fine-grained 
siliceous rock which.” In line 9, delete 
“in color.” In line 16 change “black” 
: to “green.” In line 28, before “in sands” 
add “as particles.” 
Section 21.—In line 3, change “de- 
scribed” to “mentioned.” 
Section 22——In line 2, following 
“green” add “to almost black.” In line 
_ 3, after “from” insert “silica-poor.” 
Section 23.—In line 6, after ‘“‘micas” 
insert “; and of granular minerals, 
usually quartz and feldspars.” 
These changes are recommended to 
improve technical accuracy and provide 
increased clarity. 


TENTATIVE REVISION OF STANDARD 


The committee recommends tenta- 
tive revisions of the Standard Defini- 

_ tions of Terms Relating to Concrete and 
Concrete Aggregates (C 125 -48)* as 
5 follows: 

Add the following new definitions: 

“Bleeding.—The autogenous flow of mixing 
water within, or its emergence from, freshly 
_ placed concrete or mortar.” 

“Workability of Concrete——That property 
determining the effort required to manipulate 
_ a freshly mixed quantity of concrete with mini- 


mum loss of homogeneity.” 


These definitions have been prepared 
in accordance with requests approved 
by the committee, referred to its sub- 
committee on definitions for action, and 
are as reported by that subcommittee. 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
- following tentatives which have stood 


_ without revision for two or more years 


be approved for reference to letter 
ballot of the Society for adoption as 
standard: 


Tentative Method of: 

Making and Curing Concrete Com- 
pression and Flexure Test Specimens in 
the Laboratory (C 192-52 T),* with 
editorial revisions as follows: 

Section 10(c).—Following the mention 
of plaster capping materials, insert a 
reference to the following note which 
should be added to the end of the sec- 
tion: 

“Note.—Low-strength molding plasters are 
unsatisfactory for use in capping strength 
specimens. Special high-strength plasters only 
have been found satisfactory. The following 
two plasters are considered to be in this classifica- 
tion: ‘Hydrostone’ and ‘Hydrocal White’.” 
Tentative Method of: 

Sampling Fresh Concrete (C 172- 
52 T),? 

Test for Air Content of Freshly Mixed 
Concrete by the Pressure Method 
(C 231 - 52 T),? 

Testing Air-Entraining Admixtures 
for Concrete (C 233 - 52 T),?-% 

Test for Comparing Concretes on the 
Basis of the Bond Developed with 
Reinforcing Steel (C 234-49 T),* and 

Test for Soft Particles in Coarse 
Aggregates (C 235 - 49 T).* 


Tentative Recommended Practice for: 
Petrographic Examination of Aggre- 
gates for Concrete (C 295 - 52 T). 


Tentative Specifications for: 
Air-Entraining Admixtures for Con- 
crete (C 260 - 52 T).? 


ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
tentative revisions of the Standard 
Method of Test for Cement Content of 
Hardened Portland-Cement Concrete 
(C 85 — 42),? issued June 1952,* be ap- 

% See Editorial Note, p. 355. 
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proved for reference to letter ballot of 
the Society for adoption as standard. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions of one of its 
standards, as set forth below, and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that these revisions 
may be referred to letter ballot of the 
Society: 

Standard Specifications for Ready- 
Mixed Concrete (C 94 48)? 

Section I(a)—Change to read as 
follows: 


“These specifications cover the requirements 
for ready-mixed concrete. Requirements for 
quality of materials and for proportions and 
quality of concrete shall be either as hereinafter 
specified or as specified by the purchaser by 
reference to applicable general specifications for 
concrete. In any case where the requirements of 
such general specifications are in conflict with 
these specifications the requirements of the 
general specifications shall ee unless other- 
wise specified by the p 


Section 3—Change designation of 
Paragraph (6) to “(4) Admixtures,” 
and revise to read as follows: 


“(4) Admixtures—When air-entraining con- 
crete is specified and an admixture is used, to 
secure the desired air content, the admixture 
shall conform to the Tentative Specifications for 
Air-Entraining Admixtures for Concrete (ASTM 
Designation: C 260 T). Admixtures other than 
those used exclusively for the entrainment of air 
shall not be permitted unless provided for in the 
contract or in the designated applicable specifi- 
cations.” 


Section 4.—In Note 1, first sentence, 
change “shall” to “should.” 

Change Paragraph (a) (5) for Alter- 
nate No. 1 and Paragraph (a) (4) for 
Alternate No. 2 to read as follows: 


“When air-entraining concrete is specified, 
the maximum and minimum limits for air con- 
tent of samples taken from the transportation 
unit at the point of discharge (Note 2).” 
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Add the following to Note 2: 


“The required air content may be produced 
by use of an air-entraining cement, an air- 
entraining admixture, or a combination of _ 
the two.” 


Change Paragraph (6) for Alternate 
No. 1 to read as follows: 


*(b) Prior to the actual delivery of the con- 
crete, the manufacturer shall furnish a statement — 
to the purchaser giving the properties of the 
materials and the proportions by weight (dry) — 
of cement and of fine and coarse aggregates that 7 


are proposed to be used in the manufacture of 
each class of concrete ordered by the purchaser.” _ 


In Note 3, first sentence, change ~ 
“shall” to “should.” 

Change Paragraph (4) (0) for Alter- 
nate No. 2 to read as follows: 


“Prior to the execution of the contract, the 
manufacturer shall furnish a statement to the 
purchaser, giving the proportions by weight 
(dry) of cement and of fine and coarse aggregates 
that will be used in the manufacture of each 
class of concrete ordered by the purchaser. He 
shall also furnish evidence satisfactory to the 
purchaser that the proportions selected will 
produce concrete of the quality specified.” 7 


Section 7(a).—Change to read as 
follows: 


“(a) Bins with adequate separate compart- 

ments for fine aggregates and for each required 

size of coarse aggregate shall be provided in the 

batching plant. Each compartment shall be 

designed to discharge efficiently and freely 

into the weighing hopper. Means of control 

shall be provided so that, as the quantity desired 

in the weighing hopper is approached, the 

material may be added slowly and shut off with 

precision. A port or other opening for removing 

an overload and sampling materials from the 

hopper shall be provided. Weighing hoppers 

shall be constructed so as to eliminate accumula- 

tions of tare materials and to discharge fully.” 
Section 8—Change Paragraph (a) 

read as follows: 


(a) Mixers may be stationary mixers or 
truck mixers. Agitators may be truck mixers or 
truck agitators. Each mixer and agitator shall - 
have attached thereto in a prominent place a — 
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metal plate or plates on which are plainly 
marked, for the various uses for which the equip- 
ment is designed, the capacity of the drum or 
container in terms of the volume of mixed con- 
crete and the speed of rotation of the mixing 
drum, blades, or paddles. Stationary mixers shall 
be equipped with an acceptable timing device 
that will not permit the batch to be discharged 
until the specified mixing time has elapsed. 
Truck mixers shall be equipped with means by 
which the number of revolutions of the drum, 
blades or paddles may be readily verified.” 


Change Paragraph (e) to read as 
follows: 


“(e) Use of the equipment may be permitted 
under conditions determined by the purchaser 
when operation with a longer mixing time or 
with a smaller load will permit the requirements 


of Paragraph (d) to be met.” 
Section 13.—Change to read as follows: 


“13. Slump tests shall be made at the option 
of the purchaser. Determinations of air content 
shall be made at the option of the purchaser if 
air-entraining cement or an air-entraining admix- 
ture is used. If the measured slump or air content 
falls outside the limits specified, a check test 
shall be made immediately on another portion 
of the same sample. In the event of a second 
failure, the purchaser may refuse to permit the 
use of the load of concrete represented.” 


Section 15(c).—Change to read as 
follows by the addition of the italicized 
words: 


“(c) The representative of the purchaser shall 
ascertain and record the delivery ticket number 
Sor the concrete and the exact location in the work 
at which each load represented by a strength 
test is deposited.” 


These revisions are proposed to clarify 
various provisions of the specifications. 


WITHDRAWAL OF STANDARD 


The committee recommends that the 
Standard Specification for Lightweight 
Aggregates for Concrete (C 130 - 42) 
be withdrawn. This standard is being 
replaced by Specifications C 330 - 53 T 
and C 331-53 T, referred to earlier 
in the report as having been accepted by 
the Administrative Committee on Stand- 
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ards, and by the Specification for Light- 
weight Aggregates for Insulating Con- 
crete which is under development. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives, which have stood 
without revision for two or more years, 
be retained as tentative, since the sub- 
committee concerned with each of them 
has reported that significant revisions 
thereof are in preparation: 


Tentative Specifications for: 

Concrete Aggregates (C 33 — 52 T).** 

Tentative Method of Test for:* 7* 

Soundness of Aggregates by Use of Sodium 
Sulfate or Magnesium Sulfate (C 88 - 46 T), 

Air Content (Volumetric) of Freshly Mixed 
Concrete (C 173 - 42 T), 

Fundamental Transverse and Torsional Fre- 
quencies of Concrete Specimens (C 215 - 52 T) 

Resistance of Concrete Specimens to Rapid 
Freezing and Thawing in Water (C 
290 - 52 T), 

Resistance of Concrete Specimens to Rapid 
Freezing in Air and Thawing in Water 
(C 291 - 52 T), and 

Resistance of Concrete Specimens to Slow 


Freezing and Thawing in Water or Brine 
(C 292 - 52 T). 


EDITORIAL CHANGE 


The committee recommends the fol- 
lowing editorial change in the Standard 
Method of Making and Curing Concrete 
Compression and Flexure Test Speci- 
mens in the Field (C 31 — 49) 

Section 6(c): Following the mention of 
plaster capping materials, insert a 
reference to the following note which 
note should be inserted at the end of 
the section: 


“Norte.—Low-strength molding plasters are 
unsatisfactory for use in capping strength speci- 
mens. Special high-strength plasters only have 
been found satisfactory. The following two 
plasters are considered to be in this classifica- 
tion: ‘Hydrostone’ and ‘Hydrocal White’.” 
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This change is designed to provide a 
specific indication of what is intended 
by the existing provision. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 

SUBCOMMITTEE ACTIVITIES 

The work of Committee C-9 is carried 
out by an Executive Subcommittee and 
three groups of other subcommittees: 
Group I, Administration, Fred Hub- 
bard, chairman; Group II, Research, 
A. T. Goldbeck, chairman; and Group 
III, Specifications and Test Methods, 
Stanton Walker, chairman. All the sub- 
committees have been active during the 
year, and many of those that have not 
been responsible for recommendations 
included in this report may be expected 
to have such recommendations in the 
near future. 

At the October, 1953, meeting revised 
statements of scopes of the subcom- 
mittees in the three groups were adopted. 
The subcommittee work of the com- 
mittee may be best summarized b 
tabulating these 29 scopes: or 


Group I—ADMINISTRATION 

It shall be the function of this group to 
perform all of those administrative duties 
of the committee assigned to it by the 
Executive Subcommittee. It shall be the 
duty of the group chairman to guide, co- 
ordinate, and advise the various Group I 
Subcommittees in their respective en- 
deavors. 


Subcommittee I-a, Finance: 


To be responsible for the proper handling 
of the funds of the committee; to study the 
financial needs of the committee and ini- 
tiate means for raising funds when neces- 
sary and as directed by the Executive 
Subcommittee. 


4 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. 4 
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Subcommittee I-b, Papers and Symposia: 


To solicit papers and symposia on specific _ 
subjects dealing with the various phases of 
concrete and concrete aggregates for pre- 
sentation at the annual meeting and other 
meetings of the committee, or for publica- 
tion as general information. 


Subcommittee I-c, Sanford E. Thompson 
Award: 


To review each year all papers on con- 
crete and concrete aggregates which qualify 
under the governing rules as being eligible 
for the award, and report its findings to 
the Chairman of Committee C-9. 


Subcommittee I-d, Editorial and Definitions: 


To review committee research papers, 
tentatives, and standards for conformity 
with Society procedures and policies, and 7 
to define technical terms in connection with 
committee activities. 


Subcommittee I-e, Membership: 


To solicit new members for the Society, 
especially those who might be interested in 
concrete and concrete aggregates, and to 
serve in a follow-up capacity either by 
personal call or-correspondence in soliciting 
the membership of persons referred to it as 
prospects. 


Group II—RESEARCH 


It shall be the function of this group to 
suggest, receive suggestions, and initiate 
research pertaining to concrete and concrete 
aggregates. It shall be the duty of the 
Group Chairman to guide, coordinate, and 
advise the various Group II Subcommittees _ 
in their respective endeavors. 


Subcommittee II-a, Evaluation of Data: 


To develop procedures for the evaluation 
of data and encourage the use of statistical 
methods in the field of concrete and con- 
crete aggregates. 


Subcommittee II-b, Chemical Reactions of 
Aggregates in Concrete: 


To investigate the chemical reactivity of x 
aggregates in concrete and their effects -~ 
the properties of concrete 
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Subcommittee II-c, Elastic and Plastic 
Properties of Concrete: 


To investigate the elastic and plastic 
properties of concrete as they may be af- 
fected by various influences such as mag- 
nitude of stress, period of application, 
moisture condition, and stress repetition. 


Subcommittee II-d, Durability of Concrete: 


To determine and classify the conditions 
affecting the durability of concrete and to 
encourage and initiate in various organiza- 
tions the correlation of laboratory studies 
with field performance. 


Subcommittee II-e, Dynamic Testing of 
Concrete: 


To develop information and test methods 
for determining the properties of concrete 
by dynamic methods in the laboratory or 
in structures without damaging the con- 
crete and to determine the significance of 
the tests. 


Subcommittee II-f, Aggregate Mineralogical 
Characteristics as Related to Concrete: 


To develop information on the effects 
of mineral composition of aggregates on 
the properties of concrete. 


Subcommittee II-g, Pore Structure of Ag- 
gregates: 


To develop means for determining the 
size, shape, volume, and other characteris- 
tics of pores in aggregates and to study 
their significance in relation to properties 
of concrete. 


Group III—SpPEcIFICATIONS AND 
METHODS OF TESTING 


re It shall be the function of this group to 

develop and maintain specifications and 
methods of testing concrete and concrete 
aggregates. It shall be the duty of the 
Group Chairman to guide, coordinate, and 
advise the various Group III Subcom- 
mittees in their respective endeavors. 


Subcommittee III-a, Methods of Testing 
Concrete for Strength: 


To develop and maintain methods of 
testing concrete for strength. 


Subcommitiee III-b, Methods of Testing for 
Volume Changes of Concrete and Concrete 
Aggregates: 


To develop and maintain methods of 
testing for volume changes of concrete and 
concrete aggregates. 


Subcommitiee III-c, Methods of Testing 
Fresh Concrete: 


To develop and maintain methods of 
sampling fresh concrete and of testing it for 
slump, flow, unit weight, air content, and 
other properties not specifically assigned to 
other subcommittees. 


Subcommittee III-d, Specifications for Con- 
crete Aggregates: 


To develop and maintain specifications 
for concrete aggregates, other than for 
lightweight aggregates. 


Subcommittee III-e, Methods of Testing 
Concrete Aggregates for Physical Char- 
acteristics: 


To develop and maintain methods of 
testing concrete aggregates, except light- 
weight aggregates, for such properties as 
grading, unit weight, voids, specific gravity, 
moisture content, mortar-making prop- 
erties, hardness, resistance to abrasion, and 
soundness. 


Subcommittee III-f, Methods of Testing and 
Specifications for Lightweight Aggregates 
for Concrete: 

To develop and maintain methods of 
testing and specifications for lightweight 
aggregates for concrete. 


Subcommittee III-g, Methods of Testing and 
Specifications for Materials Used in Cur- 
ing Concrete: 


To develop and maintain methods of 
testing and specifications for materials used 
in curing concrete. 


Subcommittee III-h, Methods of Testing an 
Specifications for Admixtures: 


To develop and maintain methods of 
testing and specifications for admixtures 
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Subcommittee III-i, Methods of Testing and 
Specifications for Ready-Mixed Concrete: 


To develop and maintain methods of 
testing and specifications for ready-mixed 
concrete. 


Subcommittee III-j, Methods of Testing 
Concrete for Bleeding: 


To develop and maintain methods of 
testing concrete for bleeding. 


Subcommittee III-k, Methods of Testing 
Concrete for Bond: 


To develop and maintain methods of 
testing for evaluating bond between con- 
crete and other substances as it is influenced 
by the properties of the concrete. 


Subcommittee III-l, Miscellaneous Tests of 
Hardened Concrete: 


To develop and maintain methods of 
testing hardened concrete for cement con- 
tent and other properties not specifically 
assigned to other subcommittees. 


Subcommittee III-m, Methods of Testing 
Concrete for Resistance to Abrasion: 


To develop and maintain methods of 
testing concrete for resistance to abrasion. 


Subcommittee III-n, Methods of Testing 
Setting Time of Concrete: 


To develop and maintain methods of 
testing for determining the setting time of 
concrete. 


Subcommittee III-0, Methods of Testing 
Concrete for Resistance to Weathering: 
To develop and maintain methods of 

testing concrete for resistance to freezing 
and thawing, wetting and drying, and heat- 
ing and cooling; and to correlate the results 
of such tests with the properties of concrete 
and concrete aggregates. 


Subcommittee III-p, Manual of Testing 
Concrete and Concrete Aggregates: 


To develop and maintain a Manual of | 


Testing Concrete and Concrete Aggregates 


to aid in the proper application of current | 


ASTM methods of testing concrete and con- 
crete aggregates. 


Subcommittee III-g, Methods of Testing and 
Specifications for Packaged Dry Pre- 


Mixed Materials for Concrete: 

To develop and maintain methods of 
testing and specifications for packaged dry 
pre-mixed materials for concrete. 


This report has been submitted to 


letter ballot of the committee, which © 
consists of 125 members commanding 98 
votes, plus 6 honorary members having 
voting privileges; 109 members returned 
their ballots, of whom 105 have voted af- 
firmatively and 0 negatively. 


Respectfully submitted on behalf of © 


the committee, 


L. W. TELLER, 
Chairmen. 
BRYANT MATHER, 
Secretary. 


EpiTor1AL Note 


Tentative Specifications for: 


Revision of Tentative Specifications for: 
Concrete Aggregates (C 33 - 52 T). 


Ready-Mixed Concrete (C 94 — 48) 


Fly Ash for Use as an Admixture for Portland-Cement Concrete (C 350 - 54 T), 
and 
Lightweight Aggregates for Insulating Concrete (C 332 - 54 T). 


Revision of Tentative Methods of Test for: 

Fly Ash as an Admixture for Portland-Cement Concrete (C 311 - 53 T). 
Tentative Revision of Standard Method of Testing: 

Air-Entraining Admixtures for Concrete (C 233 — 54). 
Revision and Reversion to Tentative of Standard Specifications for: 


Tentative Specifications C 332 were accepted by the Standards Committee on 
November 5, 1954, and the remaining recommendations were accepted on September 
28, 1954; all appear in the 1954 Supplement to Book of ASTM Standards, Part 3. 


Subsequent to the Annual Meeting, Committee C-9 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 
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APPENDIX 


FINAL REPORT ON COOPERATIVE TESTS ON PROPOSED TENTATIVE 
; METHOD OF TEST FOR POTENTIAL VOLUME CHANGE OF 


CEMENT-AGGREGATE COMBINATIONS 
AND 
PROPOSED TENTATIVE METHOD OF TEST FOR POTENTIAL ABNORMAL 
EXPANSION OF CEMENT-AGGREGATE COMBINATIONS 


At its meeting in Cincinnati, Ohio, on 
March6, 1951, Subcommittee II-b on Chemi- 
cal Reactions of Aggregates in Concrete of 
ASTM Committee C-9 on Concrete and 
Concrete Aggregates authorized a coopera- 
tive program of tests to establish the repro- 
ducibility of two methods of test recom- 
mended to the subcommittee for evaluating 
the response of cement-aggregate combina- 
tions to wetting and drying and heating 
and cooling by measuring length change of 
mortar and concrete specimens. 

The proposed Method of Test for Poten- 
tial Abnormal Expansion of Cement-Ag- 
gregate Combinations was compiled by 
William Lerch on behalf of Subcommittee 
II-b, based on original investigations by C. 
H. Scholer (1). 

The proposed Tentative Method of Test 
for Potential Volume Change of Cement-Ag- 
gregate Combinations? was proposed by A. 
D. Conrow as a result of his extensive studies 
later reported to the Society in detail (2). 

Arrangements were made for participa- 
tion of six laboratories in the cooperative 
tests, a detailed procedure was developed, 
and cements and aggregates were distributed 
to participating laboratories from two 
central sources. Mix design data for all 
cement-aggregate combinations were de- 
veloped in the Engineering Laboratories 


1 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 

see p. 373. 
2 This tentative was accepted by the Society 
and appears in the 1954 Supplement to Book of 
ASTM Standards, Part 3, as Tentative Method 
C 342-54 T. 


of the Bureau of Reclamation. All necessary 
materials and instructions were in the hands 
of participants by the end of December, 
1951. A summary of interim results of the 
cooperative tests was published by the 
Society (3). 


COOPERATING LABORATORIES 


Participants in the cooperative tests were 
as follows: 


Laboratory Principal 

Portland Cement Assn., William Lerch _ 
Chicago, Ill. 

Bureau of Reclamation, W. H. Price 
Denver, Colo. 

Ash Grove Lime and Port- A. D. Conrow 
land Cement Co., Cha- 
nute, Kans. 

Waterways Experiment Sta- Bryant Mather 
tion, Jackson, Miss. 

Kansas State College, Man- C. H. Scholer 
hattan, Kans. 

University of California, R.E. Davis _ 
Berkeley, Calif. 


CEMENTS USED 


Three cements were supplied by the 
Bureau of Reclamation for use in both pro- 
cedures (Table I). For the proposed Tenta- 
tive Method of Test for Potential Volume 
Change of Cement-Aggregate Combinations 
(Conrow test), 15 lb of each cement were 


?The order in which the laboratories are 
named in this list does not correspond with the 
numerical sequence indicated in Tables II and 
IV. 
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= 
shipped, each in a sealed container. For the 
proposed Method of Test for Potential 
Abnormal Expansion of Cement-Aggregate 
Combinations (Scholer test), 75 lb of each 


CEMENT-AGGREGATE ComBINATIONS = = 


Coulee Dam and are known to be superior 
in all respects. Sand and gravel from Clear 
Creek near Denver, Colo., have been used 
extensively in concrete construction in and 


TABLE I.—CHEMICAL ANALYSIS AND PHYSICAL PROPERTIES OF CEMENTS USED 
IN THE COOPERATIVE TESTS. 


Property 


Chemical composition, per cent: 


Physical properties*: 
Fineness (Method C 204), sq cm per g..... 
Fineness (Method C 115), sq cm per g..... 
Amount retained on No. 325 sieve (Method 


Time of setting (Method C 266): 
Air content of mortar (Method C 185), per 
Compressive strength (Method C 109): 
1 day in moist air, 2 days in water... . 
1 day in moist air, 6 days in water.... 
1 day in moist air, 27 days in water... 
Specific gravity (Method C 188).......... 
Normal consistency (Method C 187), per 


Cement 
No. 7488 No. 2448 No. 9406 
21.66 23.16 22.13 
5.58 4.39 5.88 
2.54 3.84 4.28 
63.85 64.46 62.89 
1.58 1.36 1.68 
2.10 1.22 2.10 
1.60 0.62 0.93 
1.16 0.30 0.03 
0.04 0.42 0.20 
0.11 0.16 0.25 
48.1 46.9 36.1 
25.9 31.1 36.2 
10.5 5.1 8.3 
11.7 13.0 
3460 3160 3510 
1780 1850 1880 
12.3 4.6 8.4 
0.049 0.015 —0.010 
230 240 220 
5 6 646 
5.6 5.5 8.1 
1440 1790 
2310 2230 2340 
3690 3800 3825 
3.10 3.19 3.18 
24.2 23.8 24.0 


® The methods referred to appear in the 1952 Book of ASTM Standards or the 1953 Supplement 


to Book of ASTM Standards, Part 3. 


of the three cements were shipped, each lot 
in a sealed metal container. os 

AGGREGATES USED 


Selection of the Aggregates: 


Aggregates that had been tested and used 
extensively in construction were selected for 
use in the program. Gravel and sand from 
the Columbia River near Coulee City, 
Wash., were used in construction of Grand 


near Denver and have been used as a control 
aggregate in many laboratory investigations 
by the Bureau of Reclamation. They are 
known to be of satisfactory quality and to 
be not deleteriously reactive with portland 
cement. 

Sand and gravel from the Republican 
River near St. Francis, Kans., have been 
used extensively in concrete construction in 
that vicinity and have been tested in many 
laboratories throughout the country. The 


= 
Loss on ignition... . ‘Guns : 
Insoluble residue. ... 
Compound composition, per cent: : 
cpansion (Method 


Republican River sand and gravel are 
notorious for their participation in adverse 
cement-aggregate reactions involving both 
high- and low-alkali cements (4). 

Samples of the aggregates were prepared 
to permit comparison of the results of the 
Conrow test on mortars with results of the 
Scholer test on concrete beams. 


Petrography of the Aggregates: 


The aggregates used in the cooperative 
tests were analyzed petrographically in ac- 
cordance with ASTM Recommended Prac- 
tice C 295‘ in the Petrographic Laboratory 
of the Bureau of Reclamation. The results 
are summarized in detail in a memorandum 
(5) distributed to members of Subcommittee 
II-b. 

Sand and Gravel, Columbia River near 
Coulee City, Wash—The gravel from the 
Columbia River near Coulee City, Wash., 
is composed mainly of basalts and granites; 
also present are lesser proportions of mon- 
zonites, porphyritic monzonites, quartz 
monzonite porphyries, diorites, andesites, 
vein quartz, quartzites, granite gneisses, 
sandstones, metasandstones, argillites, and 
siltstones. Very small proportions of clay 
lumps, amphipolites, chalcedonic cherts, 
chalcedonic siltstones, limestones, zeolites, 
and epidote-chlorite rock are also present. 
The zeolite thomsonite constitutes about 
0.1 per cent of the sample, being a sparse 
constituent of certain facies of the basalt. 
_ Particles considered to be unsound physi- 
cally constitute an average of 0.1 per cent 
of the size fractions of coarse aggregate; 
particles of inferior physical quality consti- 
tute an average of 6.7 per cent of the various 
_ fractions. Andesites, chalcedonic cherts, and 
chalcedonic siltstones, which are considered 
to be potentially reactive with cement al- 
kalies, constitute an average of 1.3 per cent 
of the several fractions. The pebbles are pre- 
dominantly subangular or angular, approxi- 
_ mately 16 per cent being splintery or tabular. 
_ The sand from the Columbia River near 
- Coulee City, Wash., is composed chiefly 
of basalts. Small proportions of quartz, 


Tentative Recommended Practice for Petro- 
graphic Examination of Aggregates for Concrete 
(C 295 — 52 T), 1952 Book of ASTM Standards, 
3, p. 978. 
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granites, feldspars, and other rock types 
observed in the related gravel also are 
present. The fine fractions of the sand con- 
tain very small amounts of biotite, devitri- 
fied volcanic glass, hematite, hornblende, 
palagonite, basaltic hornblende, augite, 
zircon, epidote, and chalcedony. Particles 
considered to be physically unsound are 
present in trace amounts; particles of in- 
ferior physical quality constitute 9.8 per 
cent of the sand. Andesites and chalcedony, 
which are considered to be potentially reac- 
tive with cement alkalies, constitute 0.05 
per cent of the sand. The particles are pre- 
dominantly angular to subangular. 

Sand and Gravel, Clear Creek near Denver, 
Colo.—The gravel from Clear Creek near 
Denver, Colo., is composed mainly of gran- 
ite; smaller amounts of quartz, feldspars, and 
gneisses, and very small amounts of quart- 
zites, amphibolites, schists, argillites, chal- 
cedonic cherts, rhyolites, basalts, and latite 
porphyries are present. The entire sample is 
characterized by a slight to moderate degree 
of weathering. Deeply weathered or other- 
wise physically unsound particles constitute 
an average of 12.0 per cent by weight of the 
three size fractions. Particles of inferior 
physical quality constitute an average of 
28.4 per cent of the three size fractions. 
Chalcedonic cherts, chalcedony, rhyolites, 
and latite porphyries, which are considered 
to be potentially deleteriously reactive with 
cement alkalies, constitute an average of 3.9 
per cent of the several size fractions. The 
pebbles are predominantly angular, about 
30 per cent being subround or subangular. 

The coarse sand from Clear Creek is 
composed chiefly of the rock types observed 
in the related gravel. The fine fractions of 
the sand are composed mainly of quartz; 
moderate amounts of feldspars and small 
amounts of the several rock types, mag- 
netite, hornblende, augite, biotite, musco- 
vite, epidote, zircon, and iron oxides, are 
present. Unsound particles constitute 11.6 
per cent of the sand. Additional particles of 
inferior quality constitute 4.0 per cent of 
the sand. The particles classified as unsound 
are mainly individual crystals of feldspars. 
Rock types considered to be potentially 
deleteriously reactive with cement alkalies 
constitute 0.9 per cent of the sand; these are 
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percent): 


i(peroent): 


20.010: -0.001 


:Expans 
(percent): 
-0.013 


(percent): 


|| 
& 
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on is given for each group of specimens for every laboratory, and the last figure 
The aggregate used as sand by Laboratory No. 6 was supplemented by crushing « saz 


: 


Range 


): 


Ex sion: 


Expansion at 44, 45, 51, 72, 100, 126, 156, 184, and 212 days were obtained by interpolation; percentage range 


Data obtained by interpolation. 


The range in percentage expansi 


Average for five laboratories. 


= 3 
3 
: 


4/ Average : 


Laboratory :Expansic 


| 
Ecpansion: 1? Expansion: 
5 1 t 0.008 :0.008: 0.015 :0.010: -0.073 10.000 :0.010:: 0.00% :0.013: 0.007 :0.008: 
: .OLL : .006: .O017 : -.070 .010: -.009 : .006: : .003:: .006 : .003: .010 : .006: ; 
3 : : .00l: : .002: -.077 : .002: -.019 : .00b: -.006 : .002:: .002 : .000: .002 +: .OOl: | 
O10 : .0OL: .013 .00b: -.083 1: .005: -.022 +: .002: -.016 +: .002:: .008: -.001 .008: 
5 : .010 : .006: +: .003: -.082 : .005: -.016 .00b: -.008 +: .00@:: . t .003: .003: . 
6 : .008 : .003: .013 .00@: -.086 +: .005: -.021 : .00b: -.008 : .00@:: -.002 : .00b: .002 : .005: 
Average :  .009 : .003: ; .00¥: -.078 : .016; -.O17 : .013: -.006 +: .O17:: + 
) : .00b: -.070 : .005: -.018 : .007: -.007 +: .003:: -.003 : .003: .002 : .005: 
| 3 .002: .008 +: .00l: -.072 : .007: -.026 1: .005: -.013 : .002:: -.008 +: .002: -.001 : .002: 
.008 +: .003: -.07% .006: -.008 +: .006: -.019 : .008:: -.008 : .007: ~-.005 : .008: 
5 : .008 .002: -.073 : .007: ~-.021 : .002: ~-.009 : .O12:: -.001 .00%: -.001 : .003: 
6 : : 0002; .006 +: .002: -.080 .00b: -.028 : .002: -.015 +: .003:: -.006 +: .002: -.002 : .002: 
Average : : .005; ; .003: -.0 010: .010: -.012 .012:: -.008 : .007: -.001 : .007: 
-006 : .00b: -.065 : .007: -.016 :. -.006 : .006:: . -002: .003 +: .008: 
3 +006 .002: -.074 .002: -.02% 3: -.009 : .003:: -. +003: -.002 : .002: 
4 : .003: -.07% +: .008: -.022 : . --013 : .0O7:: -. +005: -.001 : 
5 +008 : .00k: -.016 :. -.008 : . .003 +: .003: 
6 : : .003: -. 007: -.023 :. --009 .00b:: ~-.001 +: 
Ave: -006_ .002; -.072 .013: -.020 : . -.008 .006:: -.002 .006: .000 : .005: 
‘ 
: .003: .021 +: .002: -.O71 +: .005: -.005 : .007: +: .OO0l:: .010 .003: .O14 .003: | 
3 .009 +: .0Ol: .020 +: .003: -.O77 +: -.016 : .005: -.002 : .003:: .005 : .002: .006 : .OOl: 
.O1L : .003: .018 .003: -.079 .008: -.020 +: .003: -.009 : .003:: -.002 : .00l: .002 : .O0b; 
5 : : .002: .020 : .003: -.O77 : .003: -.008 +: .002: .000 : .0Ol:: .005 : .00b: .008 : .005: 
6 : : .003: .019 : .003: -.083 : .005: -.017 : .006: -.003 +: .006:: .002 +: .005: .005 +: .005: 
Average : .010 .002: .020 : .003: -.076 : .Ol¥: -.013 .015: -.00l +: .013:; .005 .012: .008 : .012: i 
4 
+006: «003: -.06 : 004; -.02 -.006 : .005:: .002 : .006: 
: .007 +: .003: .012 : .00b: -.065 +: .003: -.020 : .009: -.005 : .007:: .008 : .003: .008 : .003: 
: : .002; .O1L : .003: -.06%7 .006: -.026 : -.008 : .005:: .002 : .006: .005 +: .O0b: 
4 : +: .002; .012 +: .003: -.068 : .003: -.026 : .002: : .002:: .001 : .006: .008 : .00b: 
5 : .006 +: .0O0l: .012 .00%: -.065 +: .003: -.018 : .002: -.006 : .003:: .006 +: .003: .009 +: 
6 : 007 : .006; .010 : .006: -.072 +: .007: -.024 : .008: -.008 +: .005:: .000 : .007: .005 : .005: 
Average .007 .002: .002: -.067 : .009: -.022 : .008: -.007 : .006:: .002 ; .006:  .007 : 
: .008 : .005: : .006: -.056 : .007: -.008 : .010: .003 : .005:: .010 : .013 :° .006: 
: 006 : : .003: -.068 .002: -.020 : .003: -.008 : .003:: .002 +: .003: .005 : .00b: 
4 4 3 -007 .003: : .003: -.072 : .003: -.023 : .005: -.010 : -.002 : .007: -00l : .006: 
5 : .007 : .022 .003: -.065 +: .010: -.015 .002: -.003 : .007 .003: .008 +: .005: 
6 : .006 : .006: .010 : .007: -.075 +: .007: -.020 : .007: -.008 : .013:: .002 : .008: .005 : .008: 
Average : .007 : .002: : .00b: -.066 : .019: -.O17 .O15: -.003 : .O13:: : .012:  .007 : .O12: 
| 
1/2 : : .005: .033 : .005: : .008: .O17 +: .009: .031 +: .007:: : .006: .063 +: 
3 : : .OOl: .032 : .003: -.051 : .003: .O11 .002: .028 : .038 : .005:  .053 +: .009: 
: : .008: .023 : .008: -.062 : .008: -.005 .012:; .008 : .O10:: .022 : .010: +: .008: 
l 5 : O10 +: .005: -.050 : .003: -015 : -029 .O010:: -045 .016: -O75 +: .038: 
4/ Ave: :  .010 ; .009: .031 .015: -.050 ; .O11 .026 : .026:: .038 .023: .058 .031: 
: 005 : .00b: .O17 .005: -.0b9 : .009: -.00% +: .005: .O12:: .026 .Olb: .018: 
3 .007 +: .002: .017 +: .003: -.050 : .005: -.006 +: .005: : .003:: .032 +: .056 : .Ol2: 
f | 4 : .00h; .013 : -.056 : .005: -.015 : .002 : .006:: .036 : .013: .076 +: .O19: 
5 : 008 .003: .018 +: .004: -.050 : .002: .002 : .003: .012 : .003:: .029 +: .00%: .005: 
006 .006: : .007: -.050 .013: -.008 .O17: .010 : .Oll:: .030 : .010: .032: 
4 1/2 : : .002; .003: -.066 : .007: -.001 : .006: .013 : : .029: .086 : 
; 3 : 2008 ; .002; .012 .002; -.053 : .003; -.008 .00l: .009 +: .005:: .051 .OO7: .105 : .O19: 
: 008 .003; .012 : .007: -.055 +: .007: -.013 +: .005: .006 +: .00b:: .043 +: .005: .092 .O15: 
: .005 : .002:; .018 +: .002: : .00b; +: .003: .O17 +: .003:: .056 +: .003: .112 : .018: 
Average : .006 ; .006; .015 : .006: : .009: -.008 : .Olb: : .O13:: : .013: .100 : .025: 
ij 
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METHOD OF TEST FOR POTENTIAL VOLUME CHANGE OF CEMENT-AQGREGATE COMBINATIONS SUBJECTED TO VARIATIONS OF TEMPERATURE AND WATER 
II-b, ASTM Committee C-9 
in pe to test in oT 


(IGH-ALKALI CEMENT AND GRAND COULEE AGGREGATE 


0.00 0.007 10.010: 0.008 30.010; 0.000 10. 0.008 “0.0 
+006 +005: 


: 
: 
: 


012 :. 


“on 023: “083 
148 =: .032: +175 d : .196 
078 :. +093 : .016: .109 


-092 : 3 -109 


+209 : .166: 


: 
: 
: 
: 
: 


range readings vere taken from series of readings closest to date shown. 


figure in the column is the range in the averages shown in the column to the left. : 
ng @ sample of Republican River gravel and so is not the same as that used by the other emesnnenten. ie 


| 
.006: 
: 008: -.008 : .010: -.00l .003: .001 +: .010: .000 009: : .012: .003 : .016:. : .000: 
: .003: .009 : .003: .009 : .005: .009.,: .00@:  .009 006: +: .00h: .009 : .003: .010 
.005: .002 : .005: .003 : .003: 006: = 007: .005 : .007: .006 : 
; .00% +: .Olb: .006 : .Olb: +: .012: .00 Ols: : .013:_ .Oll: 
MEDIUM-ALXALI CEMENT AND GRAND COULEE AGGREGATE 
.003 : .006 : .002: .005 : .003: .005 : .002: .007 : .00@: .007 : .002: .007 .002@: 
i .000 : .002: .001 : .002 .00l: .003 +: .000: .003 + .002: ; .002: «0 
1008; -.008 : .008: -.008 : .007: -.001 .008: -.002 +: .Oll: -.003 : .007: -.001 : .006: +.001 : +006; -.0 
— 1003: .002: .006 : .003: .005,,1 .003: .006 +: .008: .006 : .003: -006 : .00l: .007 : .003: .0 
-.002 : .00l: -.00l : .002: .0002/ +000 : y : .005: .001 : .005: .001 : 
et | LOW-ALKALI CEMENT AND GRAND COULEE AGGREGATE 
.00@: +: .003: .005 +: .003: .005 : .003: .005 +: .003: .006 : .005: .007 +: .00k: : .0 
: 002: .000 : .002: .000 : .002: .000 : .002: .001 +: .003: .001 : .002: : .003: : .002: «0 
-.005 +: .003: -.002 : .00h: .000 : .005: -.002 : .008; -.001 .006; .000 : .000 -.C 
003: 005 003: .002: .003: 008: .003: .007 : .003: .008 : .C 
ig : .00h: .000 +: .005: .000 : .005: 006: .002 : .002 : .003: .002 : .003: .003 : 
.005: .001 ; .010: .002 : .009: .002 : .006: .002 : .000: _.003_: -009: .003 : .0O7: .008 ; .¢ 
HIGH-ALKALI CEMENT AND CLEAR CREEK AGGREGATE 
“ooh; 002 00%; .005 : .005: .008 : .005: .007 +: .00%: .008 : .007: +: .006: -008 : 
.007 .006: .008 : .005: 007: .009 : .008: .010 : .006: .O11 .006: Oll : .006: 
MEDIUM-AEXALI CEMENT AND CLEAR CREEK AGGREOATE 
003: .010 : .003: : .006: : .0O7: .013 : .0O7: : .007: : .006: .018 +: .006: 
: .006: : .008: .015 : .008: .015 .007: +: .006: .016 : -006: .017 : .006: 
.005: .008 ; .008: .008 : .008: .0102/ -007: : .009: +013. : .009: .013 : .009: -013. : .009: 
LOW-ALKALI CEMENT AND CLEAR CREEK AGJREOATE 
:°.006: .005: .016 +: .00%: .O17 +: .003: .018 : .018 : .003: .019 : .00b: .018 . 
: .00h; .008 : .00%: .008 : .003: .010 .010 : .010 : .005: .010 .003: 
1006; .00L : .007: .003 : .006: : .006: : .006: : .006: +: .006: : 
.013 : .005: .016 .005: 1006: .019 : .006: .020 : .005: .018 : .006: .019 : 
1008: : .008:; .0072/: .008: .008 : .008: .008 : .009: .008 : .009: .008 + .009: . 
: .O12: -008 : -013: -010_:_ .013: .015: : .015: : 2015: 015: 
| HIGH-ALKALI CEMENT AND REPUBLICAN RIVER AGGREGATE 
4 “021: : .030: .Obl: : .043: .169 : «197 : -Ob7:;  .261 .Oh2: 
: +: .019: +: .036: .133 -050: -163 : «.197 : .068: .227 : .088: : 
: 008: .070 : .OLl: : .026: : -037: : .220 : .Ob5: .263 : : .Ob8: 
i .052: ; .093: 155 : .232: .168: .192: 269 _: 218: 
MEDIUM- CEMENT AND REPUBLICAN RIVER AGGREGATE 
+019: .025: : .039: -Obl: .226 : .Ob2: .236 
-005: -061 +: .009: : .O13: +129 : .O13: -3 
a. LOW-ALKALI CEMENT AND REPUBLICAN RIVER AGGREGATE 
O54: : .086: : -189: .235 +: -203: .269 : .207: .257 : -212: 
O15: +136: .026: -181 .033: : .036: +231 .035: -268 : .032: : .032: +270 +: .O3l: 
.160 : .039: .201 : .056: .238 : .065: .262 : 068: .261 : .O71: .295 : .073: -305 +: 
005: .150 : .Obl: 19% : .052: .2b2 : : .126: 2227 
‘ 
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Range 
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Range 


(percent): 


reent): 


‘ont 
): 


Range 


SRATURE AND WATER SATURATION (CONROW TEST) 
Range 


sion 
mnt) 


c DNCRETE 
:0.012: 0.005 :0.010: 0.005 :0.009: 0.009 :0.009: 0.013 10.009: 0.015 :0.008: 0.015 : q 
15 : .005: .015 : .005: .015 : .00b: .016 : .006: .016 : .006: .016 +: .006: 
: .008 : .0Ol: .0O7 : .0OL: .008 .003: .009 : .002: t : 
DL .006: -.00l .00b: -.001 : .006: : .00b: .002 : .007: 
: .00b: .013 : .00b: .012 : .00@: .007 : .006: .008 : .005: ; 
Of : .00@: .007 .0Ol; .006 .003; +: .00b; .008 .003; ; .003; 
Oh ; .002: .008 +: .002; .00@: .008 : .00@: .008 .008: - 
Ol : .006; -.003 : .006: .006; ~-.003 +: .007: -.001 : .OO7: 
O7 : .003: .009 : .005: .009 : .003 .003: .003 : .00b: 
Ol : .00b: .002 +: .003: .003 : .00b: .003 +: 
06 : .00b: .006 : .006: .007 : .007 +: .003: .007 : .00b: : .00b: .005 
Ol : .002: .002 .002: .002 : .002: .003 : .002: .002 : .002: - t | 
: .00h: -.002 .003: -.002 .00b; -.002 +: .003: -.001 : .002: 
08 .002: -OO7 .006:; -009 : .003: -003 +: .OO]: -005 +: : 
.006: .003_ .009: .Oll: :_.009: : : : i 
19 : .002; .020 : .002: .021 : .002: .021 : .002: .022 +: .003: .020 :  .020 
.002; | : .016 : .0Ol: .016 : .003: : 
08 .00b: .008 : .005: . .005: .008 +: .005: .012 : .005: 
19 : .006: .019 : .005: .021 : .006: .023 : .006:. .023 : .027: H 
ll .006; .012 +: .003: .013 : .006: .013 : .006: 4 
.Oll: .015 : .O12: .016 +: .023: .016 : .015: 3 3 
.015 : .0O7: .016 : .007: .016 +: .006: .016 : .008: .015 +: .008: .015 
7 .006: : .006: .O017 : .009: .018 .095: .021 : .0O7: 
2 : .005: .022 : .005: : .00b: .026 : .006: .0@2 : .O12: 
13: ~.009: 1008: 1009: 015 .009: : : : : 
18 .019 : .005: .019 : .008: .019 : .00b: .020 .00b: .019 .018 
.006: : .006: .00h ; .007: +: .005: .006 : 
119 .00bh; .020 : .005: .020 : .006: .021 : .006: .016 : .003: i 
08 : .009: .009 : .010: .010 : .010: .009 .O10: : 3 
| 
1 .262 : .039: .276 : 2: 035: . .302 : + 
253: .087: = : .087: 288 093: +302; «313: 
62 : . : OT: . : .300 : .307 .Ob9: 
116 : .ObO: .126 .130 : .ObS: .135 : .Ob7: 
165 : .051: .175 +: .053: .181 : .055: .188 .O57: 198 : 060: .196 : .062:  .200 
- =: .152 +: .016: .153 : .018: .158 +: .020: - 
257 : .270 : .215: .277 +: .263 : : .219: : .220: .296 
304 .168: .39% +: .170: : .169: .b10 3s : 167: 
270 : .O31: .277 : .031: .263 +: .291 : .O3b: .296 
305 : .075: .317 : .O75: .329 : .Ofb: : .O73: : 
: : : : : : : 
15 .127: .326 3: : .126 ho: .197: : 


No. 7 
No. 2 
No. 9 


No. 7 
No. 2 
No. 9 


No. 7 
No. 2 
No. 9 
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rhyolites, latites, and chalcedonic cherts. 
The particles of the sand are predominantly 
angular to subangular. 

Sand and Gravel, Republican River near St. 
Francis, Kans——The gravel from the Repub- 
lican River near St. Francis, Kans., is com- 
posed mainly of granites, quartz, potassium 
feldspars, and acidic to intermediate volcanic 
rocks. Small proportions of cherts, quart- 
zites, limestones, basalts, sandy chalks, and 
ferruginous material also are present. The 


pebbles are predominantly subangular to ' 


subround. 

Coarse grained pink granite and individual 
grains of pink potassium feldspars constitute 
approximately 56.7 per cent of the gravel 
and are considered from a physical stand- 
point to be unsound. These granites and 
feldspars are characterized by a very low 
linear thermal coefficient of expansion. They 
are hard and predominantly unaffected by 
weathering. The particles are subangular to 
subround in shape with smooth surfaces; 
they are not porous and are essentially im- 
permeable. Consequently, it is to be antici- 
pated that these particles would contribute 
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to deterioration of concrete subjected to 
volume change through wetting and drying 
and heating and cooling because of (1) low 
thermal coefficient of expansion, (2) poor 
bond with cement, and (3) rigidity of the 
particles, which would tend to increase 
tensile stress in contracting cement paste. 
About 2.9 per cent of the sample is composed 
of absorptive and friable chalk particles and 
ferruginous material. These rock types are 
also classified as physically unsound. 

Rhyolites, andesites, cherts, and opal- 
bearing sandy chalks are considered to be 
potentially deleteriously reactive with ce- 
ment alkalies; they constitute an average of 
11.7 per cent of the three size fractions of 
the gravel. 

The coarse fractions of the Republican 
River sand are composed chiefly of quartz 
and potassium feldspars, but they contain a 
small proportion of the rock types observed 
in the related gravels, The finer fractions are 
composed predominantly of quartz; mod- 
erate amounts of potassium feldspars and 
small proportions of opal-bearing sandy 
chalks, rhyolites, andesites, chalcedonic 
cherts, magnetite, and acidic volcanic glass 


TABLE III.—REPRODUCIBILITY OF THE PROPOSED TENTATIVE METHOD OF TEST 


FOR POTENTIAL VOLUME CHANGE OF 


CEMENT-AGGREGATE COMBINATIONS.* 


Range in E i 
Cement in Expansion Within Within the 
Average| Batches, per cent Laboratories, e cont es, 
Expan- per cent 
sion for 
Con- 
tent, ries, = = 
No. 7488 1.19 | Grand Coulee | 0.008/0.008/0.001 0004/0 .009/0 .003/0.006/0 .015/0.000/0.006 
No. 2448 0.58 Dam, Wash.} .002|0.007/0 
No. 9406 0.17 .001/0.003|0 .001/0.003/0.009/0 .000|0.003 
No. 7488 1.19 | Clear Creek, 0.016/0.006|0.000/0 .003|0.006/0 
No. 2448 0.58 near Den- 0.017/0.006/0.001/0.003'0.009/0 .004/0.006 0.015/0.000/0.006 
No. 9406 0.17 ver, Colo. 0.013 0.008/0.001|0.004/0.010/0.004 0.006|0.017}0.002 0.006 
No. 7488 1.19 | Republican 0.311 0.106|0.029|0.061 0.154/0.035/0 .093/0.235|0.002/0 .097 
No. 2448 0.58 River, near | 0.171/0.031 0 


* Based on results at an age of 380 days. 


: 
uf ‘ 
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are ieee The fraction passing the No. 100 
sieve contains 3.5 per cent of opaline diatom 
_ Skeletons and 2.6 per cent of acidic volcanic 
glass. The particles in all fractions range 


Each batch of aggregate contained 50 per 
cent by weight of fine aggregate and 50 per 
cent of coarse aggregate in the following 
gradation: 


from subround to angulai. 

Potassium feldspars constitute 19.5 per 
cent of the sand. As mentioned above, par- 
ticles composed of individual crystals of 
potassium feldspars are considered to be 
physically unsound. Rhyolites, andesites, 
chalcedonic cherts, opal-bearing sandy 
_ chalks, acidic volcanic glass, and opaline 
skeletons of diatoms constitute 3.7 per cent 
of the sand; these particles are considered 
_ to be potentially deleteriously reactive with 
cement alkalies. 


_ Aggregate for the Conrow Test: 

Aggregate for the Conrow test was pre- 
’ pared as follows for each participating lab- 
oratory: 


Size Fraction Per cent by Weight 


Fine 


TEsT PROCEDURE 
Proposed Tentative Method of Test for Po- 
tential Volume Change of Cement-A geregate 
Combinations (Conrow Test): 
For the Conrow test all details of the pro- 
posed Tentative Method of Test for Po- 


Material Source 


Remarks 


Natural sand Clear Creek near Denver, 


Colo. 


} 


4 Republican River near St. 
Francis, Kans. 


Columbia River near 
Coulee City, Wash. 


Supplied in twelve 1125-g batches containing 
equal parts by weight of the No. 4-8, 8-16, 
16-30, 30-50, and 50-100 fractions and 5 
per cent minus No. 100 fraction; samples 
were dried to constant weight at 130 F and 
packaged individually in sealed metal cans. 


Supplied as ungraded sand and gravel; de- 
tailed instructions were supplied on sieving 
and drying so as to prepare batches as for 
Clear Creek sand. 


Batches supplied as described for the Clear 
Creek sand, except that no material passing 


the No. 100 sieve was included. 


Aggregate for the Scholer Test: 

Aggregate for the Scholer test was pre- 
pared as follows for each participating 
Jaboratory: 


tential Volume Change of Cement-Aggregate 
Combinations? were followed, using the 
cements and aggregates described above and 
mix data supplied by the Bureau of Reclama- 


Material Source 


Remarks 


Natural sand and 
gravel 


Clear Creek near Denver, 
Colo. 


Natural sand and 
gravel 


Columbia River near 
Coulee City, Wash. 


Natural sand and 
gravel 


Republican River near St. 
Francis, Kans. 


Supplied to each laboratory in six 60-lb 
batches; samples were dried to constant 
weight at 130 F and packaged in sealed 


metal cans. 
Same as above. oa 


Supplied as ungraded sand and gravel; de- 
tailed instructions were supplied on sieving 
and drying so as to prepare batches as for 
the Clear Creek and Columbia River 

aggregates. 


tio: 
lab 
of 
tot 
5 
— 
b 
| 
| 
i 


tion.’ The program at each cooperating 
laboratory comprised two batches for each 
of nine cement-aggregate combinations, a 
ht total of 18 batches or 54 specimens. 
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portland cement to 2.25 parts graded fine 
aggregate by weight. Mixing water is ad- 
justed to achieve a stipulated flow. Follow- 
ing mixing, the specimens are stored in a 


0.400 
Cement No. 9406 


(Na20#0.03 % ; K20=0.20% } 


0.360 
0.320 
7 
le 0.280 
Republican River Sand}. 4 

0.240 
)- 
2 0.200 

5, 
5 0.160 
38 <x 
id / 

Ss. / 
be 


0.120 7 


0.080 


0.040 
-Clear Creek Sand 


*\_-Grand Coulee Crushed Gravel 
e 
~ 0.040 Average for 6 laboratories 
Tond\. Voriction between laborotories 
40 80 120 160. 200 240 280 320 360 400 
b Age, doys 
r Fic. 1.—Results of the Proposed Tentative Method of Test for Potential Volume Change of 
Cement-Aggregate Combinations (Conrow Test) Using High-Alkali Cement. 

Briefly, the Conrow test employs 1 by 1 moist closet or moist room at 73.4 + 3.0F 
es by 11}-in. mortar bars containing 1 part for 24 hr. They are then placed in metal 
Z containers which are immersed in water at 
or 73.4 + 3.0F for 24 hr. Following this treat- 7 
ar 5 Except for one laboratory which depleted 


its supply of Republican River sand and so 
-- supplemented the natural sand with fine ag- 
gregate obtained by crushing of the gravel. 


ment, the reference length of the specimens — 
is measured. The specimens are returned to 
the same containers and are again immersed 


| 
| 


in the same water at 73.4 + 3.0 F until they 
have attained an age of 28 days. The con- 
tainers holding the water and the specimens 
are stored at 131 + 3 F for 7 days, then 
cooled to 73.4 + 3.0 F for 24 hr. The speci- 
‘mens are removed from the containers and 
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Proposed Tentative Method of Test for Po- 
tential Abnormal Expansion of Cement- 
Aggregate Combinations (Scholer Test): 


For the Scholer test all details of the pro- 
posed Method of Test for Potential Ab- 
normal Expansion of Cement-Aggregate 


stored at 131 + 3 F for 7 days in an oven. 
The specimens then are returned to their 
respective containers and water and stored 
at 73.4 + 3.0F. 

Length change is determined at intervals 
of 28 days thereafter. 


0.400 
0.360 
Cement No. 2448 
(Na, 0 0.42% , K,0=0.16 %) 
0.320 
0.280 
0.240 
1_| 
oO 
0.200 
a. 
Republican River Sand~ 1 
S 0.160 
o ris 
‘ 
0.120 + 
| 
0.080 A 
0.040 ---Clear Creek Sand 
0.000 A T + = t T 
‘~-Grand Coulee Crushed Gravel 
| | 
-0.040 —— Average for 6 laboratories 
' 
[ond \_ Variation between laboratories 
— ° 40 80 120 160 200 240 280 320 360 400 


Age, days 


Fic. 2.—Results of the Conrow Test Using Medium-Alkali Cement. 


Combinations were followed using the ce- 
ments and aggregates as described above 
and mix data~supplied by the Bureau of 
Reclamation. The procedure included nine 
cement-aggregate combinations, a total of 
27 specimens, at each cooperating laboratory. 


G 


e Pp 


362 
4 
as 
cr 
4 
ie 


The test procedure may be summarized they are 28 days old; and then in water at 
as follows: 73.4 + 3.0F until they are 30 days old. 

The test employs 3 by 4 by 16-in. con- After an age of 30 days, the specimens are 
crete beams containing the same mix parts subjected to a daily cycle of alternate heat- 


0.440 


Cement No. 7488 
(Nas 0#1.16% ; 0.04%) 


= 
n 

\ 


NX 


Republican River Sand-|, 
0.200 


0.160 


0.120 


Length Change ,percent 


0.080 4 


0.040 


‘.-Grand Coulee Crushed Gravel 


- 0.040 —— Average for 6 laboratories 
' 
T and Variation between loboratories 
4060 120. 160 200 240 260 320 360 400 
Age, days 


Fic. 3.—Results of the Conrow Test Using Low-Alkali Cement. 


ing-drying at 130 + 3 F for 8 hr and cooling- 
soaking at 70 to 80F for 16 hr. 


as are to be used in construction. Following 
mixing, the specimens are stored for 24 hr 


at 65 to 75 F covered by wet burlap; then 
in a moist condition at 73.4 + 3.0F until 
they are 7 days old; then at 73.4 + 3.0 Fat 
50 + 5 per cent relative humidity until 


Length change at the end of each 20 cy- 
cles of heating-drying and cooling-soaking is 
referred to length of the specimens at an age 
of 24 hr. 


i 
' 
| 1 
e- 
1€ 
y: 


RESULTS OF THE TESTS 


4. 
Conrow Test: 

Significant expansion was obtained only 
in combinations containing the Republican 
River aggregate, but this aggregate caused 
large expansion regardless of the cement 
used (Table II (Plate I) and Figs. 1, 2, and 
3). Greatest expansion was obtained on 
specimens containing the cement of lowest 
alkali content; least expansion was obtained 
with the low-alkali cement of intermediate 
alkali content (No. 2448). At an age of 380 
days the average expansion of specimens 
containing Columbia River aggregate ranged 
from 0.003 to 0.008 per cent, and the average 
expansion of specimens containing Clear 
_ Creek aggregate ranged from 0.013 to 0.017 
‘per cent. 

_ Rapid expansion of the specimens con- 
taining the Republican River aggregate 
began immediately after storage at a con- 
stant temperature of 73.4 + 3.0F, the 
average for five laboratories being 0.342 per 
cent with the very low-alkali cement and 

0.171 per cent with the cement of inter- 

_ mediate alkali content (No. 2448) at an age 
of 380 days. By an error, one cooperating 
laboratory depleted its supply of Republican 
River sand for the Conrow test and so sup- 
plemented the natural sand with fine aggre- 
gate produced by crushing of the gravel. For 

these mixes, expansion of the specimens con- 
taining the very low-alkali cement was re- 

duced to less than one tenth the average 

; expansion obtained by the other five labora- 

_ tories with the same cement and the natural 

_ sand. The average expansion of specimens 
containing the high-alkali cement was re- 
duced about 54 per cent and that of the 
specimens containing the cement of inter- 
mediate alkali content (No. 2448) about 85 
_ per cent by this substitution of crushed fine 
aggregate for natural sand.* These data are 
not included in the analysis of reproduci- 
bility of the method. 

Reproducibility of the test is considered 
satisfactory both within laboratories and 
between laboratories (Table III and Figs. 


6 The observed great change in results of the 
test with processing of the aggregate is believed 
to bear significantly upon the performance of 
concrete in structures, particularly in the inter- 
pretation of widely varying performance of ap- 
parently similar concrete. 
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1, 2, and 3). For specimens containing 
Columbia River crushed gravel or Clear 
Creek sand, the maximum range in expan- 
sion between batches of specimens in any 
laboratory is 0.010 per cent, the average 
being 0.005 per cent at an age of 380 days. 
The maximum range in expansion of speci- 
mens from the same batch is 0.008 per cent, 
the average being 0.003 per cent. For these 
same combinations the maximum range in 
average expansion between the laboratories 
is 0.017 per cent, the average being 0.005 
per cent. 

Reproducibility is less good for the com- 
binations containing Republican River ag- 
gregate because expansion develops to great 
magnitude and the specimens are disrupted 
by random fractures. The maximum range 
in expansion between specimens from differ- 
ent batches in any laboratory is 0.219 per 
cent, the average being 0.079 per cent at an 
age of 380 days. The maximum range in 
expansion of specimens from the same batch 
is 0.106 per cent, the average being 0.035 
per cent. The maximum range in average 
expansion between the laboratories is 0.235 
per cent, the average being 0.078 per cent. 
It will be recognized that the divergence in 
results obtained for specimens containing 
Republican River aggregate is of little sig- 
nificance in evaluation of the test because 
any limit placed on permissible expansion 
in the test inevitably will be much less than 
the expansion attained at 380 days by most 
of these combinations. 


Scholer Test: 


Significant expansion was obtained con- 
sistently only with combinations containing 
Republican River aggregate and the high- 
alkali cement or the low-alkali cement of 
intermediate alkali content (No. 2448) 
(Table IV (Plate II) and Figs. 4 and 5). 
After 200 cycles of heating-drying and cool- 
ing-soaking, the average expansion of speci- 
mens containing Columbia River aggregate 
or Clear Creek aggregate ranges from 
—0.003 to 0.008 per cent. Laboratory No. 3 
(Table IV) reported inordinate expansion in 
this test for one specimen of the three repre- 
senting the combination of Clear Creek ag- 
gregate and the very low-alkali cement. 
After 200 cycles two cracks were evident at 
the end of the specimen, and the expan- 
sion was found to be 0.056 per cent in 


rot 


: 
‘ 
> 
f 
‘ 
| 
4 
> 
; 


TABLE IV--SUMMARY OF RESULTS OF C 


A Li) 3 


oO 


nsion: 
i(percent): 


Range 


nsion: 
(percent): 


Range 


): 


398885 


7H 


+ 3.0° F, or burlap-covered at 65° F to 75° F; 50% RH = 50h + 


Range in expansion is given for each group of specimens prepared by each laboratory. The figure in the line 4 


Pog = 100% percent relative humidity at 73° F 
Initial reading was taken at 7 days. 


Curing period to age shown (days) 
Laboratory : Ex ont 3/ :Exp On? 3 Exp on: tExp ont 
2 t ,022 +: .005: -.032 : .00b: -.011 : .002: -.055 : .00@: .007 .008: : .009 : .OOl: . 
3 t .002: : .002: -.018 +: .002: -.00l : .003: .001 .003: .000 : .00@: . 
- .00b: -.007 : .000: .005 : .007: -.005 : .007: -.002 : .0O7: . 
5 .000 : .000: -.0b2 : .00b: -.017 +: .000: -.001 : .000: -.008 : .002: .000 : .009: . 
6 : .000: : .00l: -.015 : .002: -.003 .000: -.002 : -.00L +: .OOl: -. 
Average : .012: -.037_: .O1l: -.014 .O1l: -.010 : .060: -.001 : .015: .013: : 
2 +: .00b; -.031 +: .002@: ~-.010 : -.060 : -.00) : .006: .007 : .008: .008 : . 
3 ,003 : .OOL: -.037 : .005: : .002: -.001 : .00b: .000 : .00§: .000 : .00b: .003 : . 
4 : .000: -.009 : .006: -.007 : .000: -.007 .000: -.013 .000: -.011 .006: -. 
5 +: .002: -.037 +: .005: -.016 : .00b: -.008 +: .002: -.010 +: .002@: -.006 +: .002: -.005 : .003: -. 
6 : .0Ol: -.0b0 : .002: -.011 : .000: -.00h : .000: -.008 +: .000: -.003 +: .00l: -.008 : .000: -. 
Average +: .007: -.0 : .013: -.0 3.007: -.014 .059: -.008 .010:; -.003 ; .020: ~.003 : .O16: -. 
2 : .00b: -.0@2 : .003: -.00§ : .00l: -.057 : .006: .005 : .006: .010 : .005: .010 : .009: . i 
3 : .000: -.027 : .00l: -.009 : .000: -.001 : .002: .002 : .003: .002 : .004: .006 : . 
4 : & .00O7: -.005 +: .007: .000 : .000: -.002 : .007: -.007 : .000: -.01l : .006: -. 
5 : .00L: -/026 : .001: -.008 : .001: .000 : .002: -.002 :..001: .001 : .002: .002 .003: 
6 +: .000: -.030 : .00l: -.006 +: .001: -.002 : .OOl: -.001 : .0Ol: -.001 : -.002 : .002: -.( 
__ Average : .007: -.026 : .008: -.006 : : .057: .000 : .00O7: : : 
i T .005 : -OOl: -.0] ue: -.00> : Ol: -.00L : -O02: .OU2: ? 
2 +: -.0bl +: .009: -.007 : .009: : .010: .010 : .O15: : .007: .016 : .005: 
1 3 t .002 +: .OOl: : .0O0l: -.019 : .00l: .003 : .0Ol: .005 +: .000: .0Ol: .005 .OOL: . 
5 : =.033 .000: -.011 : .006: +.002 : .007: -.002 : .007: -.007 : .000: -000 .000: -. 
5 .003 .003: -.063 +: .003: -.020 : .00b: .001 : -.008 +: .003: -.002 .003: : .006: 
6 .006 : .0O0l: +: -.016 : .000: .000 : .00l: .002 : .001: : .000: .00h .000: 
Average : .006 .O13: -.082 : .012: ~.0 : .O13: -.009 : .052: .002 .Olb: .003 ; .005 .O16; 
n .012 : .002:; -.033 --O57 +: .002: 009 : .00b: .002: +009 : .002: 
: -.046 .002: -.003 .00b: -.002 .00b: -.008 : .002: 
g - +035 : .013: .007 : .000: .005 : .007: -.002 : .0O7: 
.000 : .00l: -.040 -.002 : .009: -.003 : .003: -.008 : .003: -.008 : .00@: 
-005 +: -.049 -.005 : .00l: -.005 +: .002: -.005 +: .OOl: -.005 : .OOl: 
e Average: .005 ; .012: -.0b2 : .016: .055: -.001 : .018: .000 .015: -.002 .O17: 
: 
n T 7.000: -.0 --OLL ¢ .003: -.00 7 .00l: -.00 7 -.00 -.OOL .003: 
2 ,010 : .005: -.031 +: .002: -.008 : .007: -.055 : .008: .O11 : .008: .012 : .009: .012 : .008: .q 
st 3 .003 : -.032 : .000: -.010 : -.002 : .001: -.001 : .000: -.002 : .002: .000 : .003: .¢ 
0007: «1007: .007: .009 : .006: : .006: .000 : .000: ‘ 
5 : -.032 +: .003: -.012 : .001: -.008 : .002: -.002 : .00l: .000 : .001: -.001 +: .003: 
6 00h : .000: -.036 : .002: -.010 : .000: -.008 : .001: -.002 : .00l: -.002 : .00l: -.00l +: .OOl: -.( 
__Average : .010: -.032 -.008 .Olb: -.012 : .053:  .002 : .Olb: .002 : .Olb: .002 : .O1 
ig 2 .008; -.029 : .Olb: -.012 : .002: -.034 .008: : 015: .068 : .060: .115 : .13%: : 
3 : .OOl: -.029 : .002: -.012 : .002: : .OOl: . 2.012: : .026: .169 .« 
4 t +6029 .006: -.007 .013: .007 : .027: .0@% .013: +: .013: .056 : 
of $ O07 +: .000: -.032 : .002: -.024 +: .003: .018 : .037 : 031 : ; .003: 
6 .000; -.034 ; .002; -.012 : .012 .003: .026 .055 .022: .110 .Obl: . 
) Average :_.003 .007: -.0 .005: -.0l6 ; .O17: +: .062: .063 .100: .100 : .Jbl: 
). 
2 .012 +; .008; -.021 : .015: -.017 +: .013: -.035 : .009: -025 : .035: -033 : .026: -033 .029: -q 
3 t .000 : .000: -.035 +: .003: +: .003: .013 : .006: .018 : .006: .021 +: .00b: .033 : .006: 
te «= 027 +: .000: : .000: : .0O7: -013 : .000: .O13: +: .000: -q 
5 t .000 : .002:; -.058 .009: -.016 : .00l: -.002 : .002: .002 : .003: .002 : .002: -.002 : .003: .q 
m 6 : .000:; -.038 : .0Ol: -.011 : .001: .000 : .002: .000 : .002: .000 : -.001 +: .OOl: -.q 
3 Ave t .003 .012: -.0 : .O37: -.012 .O017: -.008 .068: .010 : .02 -012_ .033: .013 : .035: 
in t .002 .006! -.035 -.015 .005! -.003 .OOL: -.0OL : .000: ¢ 
re- 2 .006 .003t -.020 : .00b: -.0 t .OL0: -.089 : .006: .016 +: .00b: .021 : .003: .019 +: .005: .q : 
3 ,00L .000: -.0@6 .001: -.010 : .002: .010 : .00b: .018 : .003: .022 : .005: .031 : .005: 
4 t & & .OO7: -.005 .007: .000 : .000: .009 : .006: .011 : .020: .007 : .013: 
nt. 5 .002 : .00@: -.019 +: .007: -.008 : .005: .008 : .00b: .008 1: .003: .006 : .002: .006 : .003: .d 
6 .008 : .000: -.027 : .002: -.006 +: .0O0l: -.001 : .00b: .000 : .00b: .000 : .00b: .000 : 
at Ave: .005: -.025 .016: .O11 : .020: -.006 .059:; .008 .019: .010 +: .022: .012 : .O31: 
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ercent) 


70. 


8388 


AND 

: .008: t : .006: . 
: .0OO7: +: .006: -.002 : .007: -.007 
+: .002: -.003 +003: -.003 : .002: -.003 
: .000: -000 -.001 : .0Ol: -.001 
H e002 .012: .000 .022: : .Olb: .O01 
HIGH-ALKALI CEMENT AND CLEAR CREEK 
-009: -O17 : .005: -018 -008; O17 0o7 -020 
: »002: -015 .002: -002: 017 001 -015 
: .002 .0O7: -.002 -007: -OO7 
: .002: -.003 : .001: -.005 : .00b: -.003 003: -.001 
.006 : .001: .002 -OO1: 2003 
-021: 020: .005_ .023: 008 020: 


00s; 

002: : 
: -003: -.002 

+000; 
-010: -.006 : 
.000: -.006 : 
: .016: -.002 


: 002: 
: .006: .O1l : 
006: .006 : 
.000: 
.006: -.001 : 
: -.002 
2.013: .002 


.OOl: 
: 

-055: 
: .O72: .386 -O72: 
.275: 5 5 3 


CEMENT AND REPUBLICAN RIVER AGGREGATE 
+O, 


oge 


: 
: 
: 


: 


.035: 050 
oT 


-152 : 33 
0; -O11 -020 : .Olb: 
t -.006 --006 +: .00b: ~-.005 
002: -000 -.001 -.002 -.001 : 
-036 =158: 


33 


35 
3 
1 
027 105: _.032 
012 


LOW-ALKALI CEMENT AND REPUBLICAN RIVER AGGREGATE 
.0@1 : .0Ol: .022 : .002: .022 005: 2 .003: 019 : 
.013: = 6013: .O11 : .006: .007 : .000: 013 : . 
: . : .013 : .000: .003 003 oo2 : 
00h: .000 +: .003: .001 : .003: .000 : .002: : .00b: .002 : 


RE = 506 + S$ relative humidity at 73° F + 3.0° F; Ho0 = immersed in water at 73.4° F + 3.0° F. 
in the line designated “Average” is the range found in the averages recorded in the column to the left. 4 


» 
HIGH-ALKALI_ CEMENT AND GRAND COULEE AGGREGATE 
Mes 10.009: 0.002 :0.010: 0.0 0.00 10.015: 0.008 :0.017: 0.0] 20.017: :0.015: 0.0] 10.015: 
: .OOl: -008 +: .003: -Oll +: .OOl: +: .005: .OO]: -O12 : .002: .006: O12 +: 
: .00@: .006 : .00b: +: .00b: .008 : .005: .002 +: .005: -.001 : .005: : -006: ~.00@ .006! 
: .007: .007 : .013: .000 : .000 .Olb: .005 : .007: .005 : .007: : .007: .005 +: .OOT: 
+000 : .009: .002 : .009: .000 : .013: : .016: : .010: .003 .O15: : +: 
: -.003 : .002: .000 : .007: -.008 +: .006: -.003 : .007: -.008 +: .0O7: - 007: 2 .007: 
: : .005 : .O17: .003 : .Olb: : .016: .008 : .016: : . .O15: 
MEDIUM- ALKALI CEMENT AND GRAND COULEE AQGREGATE 
00h : .00b: .003 : : .009: .007 : .008: .006 : .00b: .006 : .005: +: .006: .003 : .00a: 
+003: .006 : .00b: +: .00b: .000 .007: -.003 +: .007: ~-.007 : .005: ~.003 +: .00b: -.005 
.006: -.015 +: .007: -.009 : .006: -.009 .O13: -.009 : .006: -.009 : .006: -.00§ : .007: -.009 +: .006; 
+005 .003: -.007 : .00l: -.007 : .000: -.009 .00b: -.008 +: .002: -.007 : .005: -.008 .003: -.009 +: 
+004 .000: -.008 +: .001: -.008 : .000: -.005 : .002: -.005 : .002: -.005 +: .002: -.005 : .002: 
: .016: -.008 .019: -.003 .O13: ~.003 .016: : .015: ~.008 : .015: -.093 : .009: .013: 
AGGREGATE 
) : .009 : .012: .009 : .O13: .O10: 
06: .00k: -.001 : .005: -.003 .005: 
Ll : .006: .O13: -.002 : -.005 + .007: 
2 .003: .000 : .006: -.005 +: .000: -.002 : .002: 
+002 : .002: -.001 t .000: -.001 +: .000: ~-.001 : .000: 
-001_ .02): -000 : .021: -001_ .Olb: -002 ; .016: 
AOGREGATE 
.005: : 007: .005: .O17 +: .O10: 
: .000: -013 : .002; : .OOL: 
+000 : .000: -.007 : .O11 .006: .009 : .006: 
: .006: .000 : -.006 : .006: .001 +: .00s: 
: .002 : .002: .003 : .002: .003 +: .OOl: 
005 : .016: .00 : .021: .008 : .020: : .O16: 
MEDIUM-ALKALI CEMENT AND CLEAR CREEK AGGREGATE 
: .002: .006 -OOl: .010 : .OOL: .O1l : .005: : .OO]: -005 : .0O0l: .007 : .003: 
: .002: .000 .002 : .006: -.003 : .00b: -.009 : .006: -.008 +: .00h: ~-.007 +: .005: 
. -002 : .0O7: .000 O07: .005 : .007: .002 +: .007: .009 : .006: .O11 : .006: .009 +: .006: 
: .002@: -.003 +005: -.008 : .010: -.006 : .010: -.008 : .00b: ~-.006 : .003: -.00§ +: .008: 
+: .0Ol: -.006 +000: -.007 : .002: -.007 : .001: -.008 : .001: -.008 : .00l: -.008 + .OOl: 
002 .O17: -.002 2016: -.001_: .019: -.001 : .018: -.001 : .020: -.001 : .019: ~.001 : .Ol7: 
: .008: .009 .012 : .005: .012 : .008: : .005: : = 009 : .006: 
+000 : .003: +008: .009 : .012: .013 +: .030: : .Ob7: .020 : .058: : .068; 
4000 : .000: .000 .007: .000 : .000: .007 : .013: .013 : .000: .007 +: .013: 
: .003: -.00% -.001 : .003: 4.002 +: .00l: -.005 : .003: -.004 + .005: -.003 : 
: .OOl: -.002 -.002 : .005: -.003 : .005: -.002 : .005: -.001 : .006: -.001 : .005: 
. HIGH-ALKALI CEMENT AND REPUBLICAN RIVER AGGREGATE 
3 115: .13%6: : .170: .237 : .186: : .180: .387 .182: : .191: .50h : .195: .§02 : 
: .038: .258 .038: .340 .020: : .686 : . 
-058 : .007: .066 .020: .129 : .027: .178 
. : : .075: .325 +508 : .080: .560 : 
-033 : .029: .030 : .0@9: . -Obl: .039 
: .006: .Ob7 : | .189 : 
002 : .003: .000 : +008: -.006 : .005: 
O13 : .035: .O17 : -178: .195: 
.019 1002: 020: 
-003: -OO7 : .OO1: 


i: 
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PLATE I! 
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POTENTIAL REACTIVITY 
OF AGGREGATE IN CONCRETE 


): 


vas 


‘ont 


):Range 


reent 


-AQGREGATE COMBINATIONS (SCHOLER TEST) 


j 

= 
3 20. : 30. 30. O69 30.016: 0.010 10.014: 0.00 20.0) 
012 = .009 : .005: .009 : 008: -008 009 *..008: 2 

-.002 .006t : .007: -.006 : .005: -.008 : .000; ..008 

-002 : .018: .003 : .019: .003 : : .007 : .016: 

.007: ~.002 : .006: +: .000: ~-.001 : .007: 

.003 : .002: .003 : .003: : .000; .007 +: .009:  .00% +006; : : 

-.005 .00b: -.010 : .007: -.008 : .006; -.O1l +: .007: : 

-.009 .006; -.002 +: .0O7: -.005 +: .O07: t 

~.009 .00h: -.007 1: .005: -.009 .003: -.010 +: .003: -.010 -008 .009: -.008 +: 

.002: -.005 +: .002: - .002; -.005 +: .002: : 

-Ol1l +: .010: 008 : .009: -O1l : .013: -013 : -010; ; 
-.003 .005: -.008 : .006: -.009 : .007: -.013 .007: 

-.002 : .002: -.006 : .003: -.003 : .00$: -.008 : .005: .002 -002 : : 
: .000: -.001 : .000: -.001 : .00l: .000 : .000: 
002 ; .016:; .000 -.001 ; .020; : 

.O17 : .010: .016 : .008: .016 : .008: .019 : .007: .016 ; -O11; 

-009 : .006: .009 ; .006: .009 : .006: ot : 
+: .008: -.001 +: .00@: -.001 : .003: -.005 .00b: -.001 -003 +: .003 : .003: 

: .OOl: : .002: .00§ : .002: .005 : .002: 3 3 
1009 _: .016: _.008_: .O17: _.009_: O17: H 3 3 3 3 

.007 : .003: .007 +: .005: .006 : .003: .010 .002; .009 -OOT ; -003; : 
-.007 .005: -.009 .005: -.008 ; .005; -.010 ; .005; ~-.012 : 
009 : .006: .007 : .000: .00C : .000: t 

-.005 : .008: -.007 .007: -.008 .005: -.009 : .008: ~.00% ~.005 .005: -.003 : .Q05: 
-.008 +: .0Ol: -.007 : .002: 2 .003: ~-.008 +: .002: 
- 
-OO7 +: .013: .009 +: .006: -.002 : .007: 
-.003 : -.003 : .007: -.007 : .00b: -.008 : .006: .001 -.00L +: .006: .001 : .00b: 
_: .025: .024: _.005_:_.035: 3 3 | 
-560 : .078: .609 : .653 +: .080: .689 +: .O79: 
-039 : .Ob5: -023 : .003: : .003: 029 : .002: . : 003; 
: 205 : .216 : .103: : .106: : : : 
020 : .Olb: .013 : .013: .018 : .OO7: - 
-.006 +: .005: -.006 : .005: -.006 : .0O7: -.005 +: .008: -000 : .00O7: .002 ‘ 
: .008: .000 : .002: -.003 +: .003: -000 +: .003: 

020: : .00@:; .022 : .002:; .025 .003: .02 -019 ; 

: 065: .067 : -: : .125: .092 .16% 

: .00l: .005 +: .008 +: .003: .003 .005: .00 -006 : .007: .007 .006: 
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contrast to expansion of 0.002 per cent 
land 0.005 per cent for the other specimens 
cast from the same batch. 

Expansion of the specimens containing 
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365 


taining this aggregate and the very low- 
alkali cement attains an average of 0.018 
per cent during 200 cycles, but laboratory 
No. 3 reported an average expansion of 


30 40 80 120 160 _—-200 240 280 320 360 =8 
T T 
0.020 Average for Six Laboratories Varietion 
Grand Coulee Aggregate 
Cement No.9406 (Naz 0*0.03%; Kz 0=0.20%) 
~0040 057] I I I I * 
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- 0.040 =0,060 Cement No.2448 (Naz 00.30%; Kz 0.42%)—— 
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Cement No. 2448 (Naz 0+0.30%; Kz 00.42%) —— 
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-0.040 Cement No. 7488 (Nap 0=1.16%; Kp 0=0.04%) 
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Fic. 4.—Results of the Proposed Tentative Method of Test for Potential Abnormal Expansion 


of Cement-Aggregate Combinations (Scholer Test) Using Grand Coulee (Columbia River) and 


Clear Creek Aggregates. 


Republican River aggregate and high-alkali 
cement proceeded uniformly after the initia- 
tion of heating-drying and cooling-wetting, 
attaining an average of 0.442 per cent after 
200 cycles. Expansion of the specimens con- 


0.051 per cent for this combination, the ex- 
pansion of the three specimens of the com- 
bination ranging from 0.032 per cent to 
0.082 per cent. Expansion of the combination 
composed of Republican River aggregate and 


wall 


| 
| 
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the low-alkali cement of intermediate alkali and cooling and wetting and drying cycles 
from one laboratory to another within the 
requirements of the procedure. Repro- 


content (No. 2448) is moderate, averaging 
0.044 per cent after 200 cycles. The expan- 
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days 


Pie. Fic. 5.—Results of the Scholer Test Using Republican River Aggregate. 


sion reported by laboratory No. 3 again is 
highest, averaging 0.173 per cent and rang- 
ing from 0.118 per cent to 0.210 per cent 
among the three specimens. 
Reproducibility of the test is not satis- 
factory (Table V and Figs. 4 and 5), ap- 
parently because of variations in the heating 


| 
Republican River Aggregate 
| 
Average for Six Laboratories 7] 
| | | 
| ond Veriation Between Laboratories 7 
/ 
0.500 + 
7 
0460 
* = 0420 Cement No. 7488 7 L 
5 0.380 ( NogO*=Li6%; 
Cc 
3 _--Cement No 2448 
0260 (Nog 0*0.30%; | 
/ Kp 020.42 % ) 
Note change of 
LAV 
0.040 i \ 1 
0020 
0.000 7 \ \ \ \ 
- 0020 “Cement No. 9406 
(Nag 0= 0.03%; Kz 0+ 0.20%) 
40 80 120 160 200 240 280 320 
= Curing, Number of Cycles 


ducibility is especially poor for combination 
of Clear Creek aggregate and the very low- 
alkali cement and all combinations contain- 
ing Republican River aggregate, largely 
because of the inordinate expansion reported 


by laboratory No. 3. / 
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CEMENT-AGGREGATE COMBINATIONS 


Tentative Method of Test for Potential Alkali 
Reactivity of Cement-Aggregate Combina- 
tions (C 227)?: 

As a supplement to the cooperative tests, 
one laboratory performed the Tentative 
Method of Test for Potential Alkali Reac- 
tivity of Cement-Aggregate Combinations 
(C 227), using combinations of the three 
aggregates and cements. At an age of 12 
months, only mortars containing the high- 
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evident on specimens containing Republican 
River crushed gravel and high-alkali cement 
or the low-alkali cement of intermediate 
alkali content (No. 2448). At an age of 12 
months the specimens containing this aggre- 
gate and cement No. 2448 were cracked 
visibly and had expanded 0.154 per cent. 
With the high-alkali cement, this aggregate 
produced an expansion of 0.290 per cent in 
the same period. 


TABLE V.—REPRODUCIBILITY OF THE PROPOSED TENTATIVE METHOD OF TEST 
FOR POTENTIAL ABNORMAL EXPANSION OF CEMENT-AGGREGATE COMBINA- 


TIONS.* 
R in E i R in A 
Cement Within the La 
A per cent the Laboratories, per cent 
E 

Alkali Aggregate 

equiv- 

alent) 
No. 7488 1.19 | Sand and gravel, 0.004 | 0.015) 0.006) 0.009) 0.015) 0.002) 0.005 
No. 2448 0.58 Grand Coulee —0.003 | 0.007} 0.002} 0.004) 0.009] 0.000) 0.004 
No. 9406 0.17 Dam, Wash. 0.001 | 0.013) 0.000) 0.004) 0.014! 0.000) 0.006 
No. 7488 1.19 | Sand and gravel, 0.008 | 0.006) 0.002} 0.004) 0.020) 0.002) 0.009 
No. 2448 0.58 Clear Creek, near | —0.001 | 0.006) 0.001) 0.003) 0.019) 0.002) 0.009 
No. 9406 0.17 Denver, Colo. 0.006 | 0.058) 0.000] 0.012) 0.024) 0.003) 0.011 
No. 7488 1.19 | Sand and gravel, 0.442 | 0.196) 0.045) 0.101) 0.335) 0.001) 0.145 
No. 2448 0.58 Republican River, 0.044 | 0.091) 0.003) 0.030) 0.178) 0.004) 0.067 
No. 9406 0.17 near St. Francis, 0.018 | 0.050) 0.002) 0.012) 0.049) 0.000) 0.021 

Kans. 


@ Based upon results after 200 cycles of heating-drying and cooling-soaking. 


alkali cement or the low-alkali cement of 
intermediate alkali content (No. 2448) and 
fine aggregate derived by crushing of the 
gravel from the Republican River had de- 
veloped excessive expansion (Table VI). The 
Republican River sand was not included in 
this test. Mortars containing sand or crushed 
gravel from the Columbia River or Clear 
Creek expanded 0.000 to 0.030 per cent dur- 
ing 12 months of storage. For these materi- 
als the expansion up to 1 yr increased with 
alkali content of the cement; other workers 
(6, 7) using other aggregates have found the 
reverse to be true. 

At an age of 9 months, spots of gel became 


7™Tentative Method of Test for Potential 
Alkali Reactivity of Cement-Aggregate Com- 
binations (C 227 - 52 T), 1952 Book of ASTM 
Standards, Part 3, p. 44. 


SIGNIFICANCE OF THE CoNROW TEST 


Additional data are required to correlate 
the proposed Tentative Method of Test for 
Potential Volume Change of Cement-Aggre- 
gate Combinations (Conrow test) with per- 
formance of concrete in structures. However, 
preliminary investigations conducted largely 
by A. D. Conrow indicate that the method 
will reveal many cement-aggregate combina- 
tions showing distress in field exposure tests. 
Also, no conditions established in the test 
are beyond those expectable in natural ex- 
posure in many parts of the United States. 

Based upon extensive tests in the labora- 
tory and field exposure, Conrow concludes 
that cement-aggregate combinations to be 
subjected in service to wide variations of 
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temperature and degree of saturation are 
not acceptable if expansion in the proposed 
method of test exceeds 0.200 per cent when 
the specimens have attained an age of 1 yr. 
During development of the proposed test, 
Conrow prepared 3 by 3 by 11-in. concrete 
beams from 125 combinations of sand-gravel 
aggregate and cements now in use in mid- 
western United States. The cements included 
all portland cements marketed in that area 
as well as several portland-pozzolan blends. 


TABLE VII.—RESULTS OF MICROSCOPICAL EXAMINATION OF SPECIMENS SUB- 
JECTED TO THE PROPOSED TENTATIVE METHOD OF TEST FOR POTENTIAL 
VOLUME CHANGE OF CEMENT-AGGREGATE COMBINATIONS FOR APPROXI- 


MATELY 2 YR. 


CEMENT-AGGREGATE COMBINATIONS 


Specimens Subjected to the Conrow Test: 


had been under test in accordance with the 
proposed method of test for approximately 
two years. The results of examination by 
means of stereoscopic and petrographic 
microscopes are summarized in Table VII. 
Deterioration of mortar in the specimens 


The specimens examined 


of 
Cement ali- 
? Unhy- Aggregate 
Large Mi arated — 
Aggregate Frac- t 
Alkali tures | fractures | “Bond Par drox- 
ticles Silica | 
t ti 
No. 7488 1.19 | Grand Coulee D B Ss B Cc E E A 
No. 2448 | 0.58 Dam, Wash. D Cc Ss B B E E|A 
No. 9406 | 0.17 D B 8 Cc Cc E E Cc 
No. 7488 1.19 | Clear Creek, near D B Ss B B E E A 
No. 2488 | 0.58 Denver, Colo. D B Ss B A E E A 
No. 9406 | 0.17 D BtoA Ss B Cc E E A 
No. 7488 1.19 | Republican River, | B* | BtoA | StoP | B®/| B A A | Ae 
No. 2448 0.58 near St. Francis, | C* B Sto P B A Cc Cc A 
No. 9406 | 0.17 Kans. D B StoP | B Cc D E Cc 
A = abundant. E = absent. 4 - = 
B=common. = satisfactory. = 
C = sparse. § P = poor. aes 
D = rare. 


* Fractures are commonly lined by secondary deposits. 


> Cement paste shows “granular” aspect. 


¢ Calcium carbonate and calcium sulfoaluminate occur in fractures as well as in voids. 


Specimens from all of these combinations 
have been subjected to exposure in test 
plots and to the procedure of the Conrow 
test, except that the specimens subjected to 
the test procedure were stored in water in 
tanks rather than in sealed cans. Thirty-one 
of the cement-aggregate combinations have 
been exposed in the test plot for 6 yr. The 
data indicate that a deleterious degree of 
expansion is to be expected in field exposure 
if expansion exceeds 0.200 per cent in the 
laboratory test. 


ranges from slight to moderate. Deteriora- 
tion is indicated by open fractures, minute 
fractures ramifying through the cement 
paste (microfractures), secondary deposits in 
voids and fractures, development of a 
“granular” appearance in the cement paste, 
and rupture of the bond between particles 


8 The specimens containing Republican River 
aggregate were 660 days old whereas those con- 
taining Clear Creek sand or Columbia River 
(Grand Coulee Dam) fine aggregate were 772 
days old. 


ICROSCOPICAL EXAMINATION OF THE _ 
SPECIME} 
| 


of aggregate and the-cement paste. Car- 
bonation of the cement paste is slight in all 
specimens in this series. Deterioration is 
most pronounced in specimens containing 
Republican River sand and the low-alkali 
cement of intermediate alkali content or the 
very low-alkali cement (Nos. 2448 and 
9406, respectively). Only slight deterioration 
is evident in specimens containing Clear 
Creek sand or Columbia River (Grand 
Coulee Dam) fine aggregate. 

The degree of deterioration corresponds 
well with the evidence of alkali-aggregate 
reaction in the mortar. However, there is no 
specific correlation in specimens containing 
Republican River sand between evident 
deterioration and measured expansion. The 
specimens containing Republican River sand 
and the very low-alkali cement (No. 9406) 
show less deterioration than do specimens 
containing this sand and the high-alkali 
cement (No. 7488), even though the very 
low-alkali cement mortar expanded more. 

In specimens containing the Republican 
River sand, alkali-aggregate reaction in- 
volves particles of opaline chalks, rhyolites, 
andesites, and chalcedonic cherts. Reaction 
is most pronounced in particles of opaline 
chalk. In the high-alkali cement mortar, 
silica gel and calcium sulfoaluminate are 
copious in voids and fractures; reaction rims 
are abundant; and carbonation of the ce- 
ment paste is slight. In the specimens con- 
taining the low-alkali cement of intermediate 
alkali content (No. 2448), attack upon the 
aggregate is less pronounced; reaction rims 
are sparse; silica gel and calcium sulfo- 
aluminate are common in voids; and car- 
bonation of the cement paste is slight. 

In the very low-alkali cement specimens 
containing Republican River sand, no reac- 
tion rims were observed on potentially alkali 
reactive particles. Silica gel occurs only in a 
few voids, but calcium sulfoaluminate is 
common in voids. 

The silica gel in the specimens includes 
two types: (1) white, cloudy gel, which is 
either homogeneous or contains micro- 
crystalline calcium carbonate (calcite) and 
(2) colorless, clear gel. The index of refrac- 
tion ranges from about 1.41 to 1.51 in several 
occurrences. Spectrographic and flame pho- 
tometer analyses of a deposit of silica gel 


| 
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from the interior of a specimen containing 
Republican River sand and the low-alkali 
cement reveal the molar ratio CaO:Na,0 
to be 2.5. This ratio must be considered ap- 
proximate only because of the very small 
size of the sample analyzed. No calcium 
carbonate was visible microscopically in the 
material analyzed. For a sample of silica gel 
from the exterior surface of a specimen con- 
taining Republican River sand and the high- 
alkali cement, the CaO:Na;0 ratio was 
found to be 5.3, but considerable calcium 
carbonate (calcite) was identified micro- 
scopically. 

Particles of potassium feldspars in the 
Republican River sand commonly are asso- 
ciated with a radial pattern of microfrac- 
tures, regardless of the cement used. Similar 
microfractures are related spatially to par- 
ticles of plagioclase feldspars occurring in the 
finest fractions of the Columbia River 
(Grand Coulee Dam) fine aggregate. They 
occur also to a minor extent in relation to 
particles of feldspar in the Clear Creek sand. 

Microfractures are sparse to moderately 
abundant in specimens containing Clear 
Creek sand or Columbia River (Grand 
Coulee Dam) fine aggregate. Calcium sul- 
foaluminate is sparse to abundant in voids 
in these specimens. No silica gel is observed. 


Specimens Subjected to the Scholer Test: 


The specimens examined had been under 
test in accordance with the proposed method 
for approximately 500 cycles of heating- 
drying and cooling-soaking.® The results of 
the microscopical examination are sum- 
marized in Table VIII. 

Deterioration of the concrete in the speci- 
mens ranges from slight to extreme. Distress 
is indicated by the same features as were 
described in the previous section. Deteriora- 
tion is related closely to the measured ex- 
pansion and to evidence of alkali-aggregate 
reaction. Distress is greatest in the speci- 
mens containing Republican River aggregate 
and the high-alkali cement. In these speci- 
mens alkali-aggregate reaction is indicated 
by reaction rims on particles of opaline 

® The specimens containing Republican River 
aggregate had been subjected to 480 cycles 
whereas those containing Clear Creek or Colum- 


bia River (Grand Coulee Dam) aggregate had 
been subjected to 540 cycles. 
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chalks, rhyolites, andesites, and chalcedonic 
cherts. Silica gel and calcium sulfoaluminate 
are abundant in voids and fractures. ° 
Distress is moderate in the specimens con- 
taining Republican River aggregate and the 
low-alkali cement of intermediate alkali 
content (No. 2448). Reaction rims are 
sparse, and silica gel and calcium sulfo- 
aluminate occur sparsely or commonly in 


TABLE VIII.—RESULTS OF MICROSCOPICAL EXAMINATION OF SPECIMENS SUB- 
JECTED TO THE PROPOSED TENTATIVE METHOD OF TEST FOR POTENTIAL AB- 
NORMAL EXPANSION OF CEMENT-AGGREGATE COMBINATIONS FOR APPROXI- 


MATELY 500 CYCLES. 


amounts of calcium sulfoaluminate occur in 
voids. 


MECHANISM CAUSING EXPANSION OF 
SPECIMENS IN THE Conrow TEST 


The cooperative tests on the Conrow 
method, together with tests of most of the 
same cement-aggregate combinations in 
accordance with ASTM Method C 227, 


of 
Cement Aggregate 
Mi Carbonation 
Large| —. | Aggregate 
Frac. | t of the 
tars “Bond” | Cement || 
tent, Sili 
por cont Gel" 
(As 

No. 7488 | 1.19 | Grand Coulee Dam, ce | B gs? Cc E E | Be 
No. 2448 | 0.58 Wash. D B s> Cc E E Cc 
No. 9406 | 0.17 D Cc s° D E E Cc 
No. 7488 | 1.19 | Clear Creek, near Den- | C* A Se DtoC D E Cc 
No. 2448 | 0.58 ver, Colo. Cc B s> DtoC | E E Cc 
No. 9406 | 0.17 Cc B 8? DtoC | E E Cc 
No. 7488 | 1.19 | Republican River, near| A* A S to P B Ae A A¢ 
No. 2448 | 0.58 St. Francis, Kans. ce A Ss B Cc Cc B 
No. 9406 | 0.17 De A s B D E B 

Notse.— 

A = abundant. E = absent. = 

C = sparse. P = poor. : 

D = rare. 


* Fractures commonly or usually lined by secondary deposits. 


+ Except for sparse soft particles. 


© Deposits occur in fractures as well as in voids. 


voids. In specimens containing this aggre- 
gate and the very low-alkali cement, no 
reaction rims were detected; silica gel occurs 
only in a very few voids, but calcium sul- 
foaluminate occurs commonly in voids. 
Microfractures are sparse to moderately 
abundant in the specimens containing Clear 
Creek or Columbia River (Grand Coulee 
Dam) aggregate. A very small amount of 
silica gel was discovered in specimens con- 
taining high-alkali cement and Clear Creek 
aggregate. No other evidence of alkali-aggre- 
gate reaction was detected. However, small 


demonstrate that the mechanism causing 
expansion differs fundamentally in the two 
procedures, although interaction of cement 
alkalies and the aggregate will occur during 
the Conrow test if alkali-reactive constit- 
uents are present in the aggregate. 

Neither method produced inordinate ex- 
pansion in combinations containing Colum- 
bia River (Grand Coulee Dam) or Clear 
Creek aggregate. With Republican River 
sand, the Conrow test produced high ex- 
pansion with all three cements used, maxi- 
mum expansion being obtained with the 
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cement containing only 0.17 per cent total 
alkalies (as equivalents of Na2O). In the 
Conrow test applied by one cooperating 
laboratory to a mixture of crushed Repub- 
lican River gravel and natural Republican 
River sand, expansion was much reduced 
regardless of the cement used, in comparison 
with expansion of specimens containing the 
natural sand as the entire aggregate. Mod- 
erate expansion was attained in this group of 
specimens only with the high-alkali cement 
(1.17 per cent total alkalies as Na,O). In 
Method C 227, expansion at 12 months is 
very low with the very low-alkali cement, 
moderate with the low-alkali cement of 
intermediate alkali content, and high with 
the high-alkali cement.!° 

Expansion of specimens containing 
crushed Republican River gravel in the 
Conrow test probably is produced largely by 
alkali-aggregate reaction. The expansion 
observed at 380 days on specimens contain- 
ing this aggregate and high-alkali cement 
(0.144 per cent) is less than the expansion 
attained in Method C 227 at 1 yr by speci- 
mens containing similar aggregate and the 
same cement (0.290 per cent), the difference 
probably being due largely to the lower 
storage temperatures specified in the Conrow 
test. 

These relationships indicate that the 
deleterious activity of the Republican River 
aggregate in the Conrow test depends at 
least in part upon properties which are 
altered markedly by crushing. It is likely 
that these properties are physical rather 
than compositional, inasmuch as crushing 
and sieving probably do not alter the min- 
eralogic composition of the aggregate signifi- 
cantly. Crushing obviously changes the sur- 
face texture or bonding characteristics of the 
aggregate; and to a degree rigidity or com- 
pressibility will be changed by introduction 
of random fractures in the brittle and more 
cleavable particles. Such changes probably 
will be most pronounced in feldspars and 
coarse grained granites which are ubiquitous 
constituents of the deleterious sand-gravel 
aggregates of Kansas and Nebraska. 


10 Other workers (7), using other aggregates, 
have found low-alkali cements to produce the 
maximum expansion at later ages. 
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These observations are consistent with 
the tentative conclusion that pebbles and 
natural sand grains composed of relatively 
unweathered, single crystals of potassium 
feldspars or coarse grained granites should 
be viewed with suspicion, especially in con- 
cretes subjected to wide variations of tem- 
perature and degree of saturation. In the 
cooperative tests, the feldspars and coarse 
grained granites are abundant only in the 
Republican River aggregate, which contains 
also a significant proportion of rock types 
known to be deleteriously reactive with ce- 
ment alkalies. Consequently, the deleterious 
actions involving processes other than alkali- 
aggregate reaction can be distinguished only 
indirectly. However, in tests of concrete 
involving a procedure very similar to the 
proposed method of test, Higginson and 
Kretsinger (8) observed great expansion of 
certain combinations in which the aggregate 
was composed wholly of selected coarse- 
grained potassium feldspar, quartz, or com- 
binations of potassium feldspar and quartz. 
Additional studies should be made to estab- 
lish definitely the performance of feldspars in 
concrete or mortars subjected to various 
conditions of curing and storage. 

The data warrant no statement at this 
time concerning the specific physical and 
physical-chemical processes by which the 
expansion develops during the proposed 
test. Conrow (2) has concluded that calcium 
hydroxide released by hydration of the 
cement plays a part in the adverse reaction. 
it is probable that the process involves also 
other phenomena associated with the hydra- 
tion of portland cement. 

® 
CoNncLUsIONS 


Approval of Method of Test: 


On the basis of the test results, Subcom- 
mittee II-b approves the acceptance as 
tentative of the Method of Test for Po- 
tential Volume Change of Cement-Aggregate 
Combinations (Conrow test). The proposed 
Method of Test for Potential Abnormal 
Expansion of Cement-Aggregate Combina- 
tions (Scholer test) is not approved at this 
time, primarily because reproducibility of 
results is inferior. i 


~ 
pu 
| 
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Significance of the Conrow Test: 


Additional data are required to establish 
a specific correlation between the results of 
the Method of Test for Potential Volume 
Change of Cement-Aggregate Combinations 
and performance of the cement-aggregate 
combinations in field service. Data now 
available indicate that cement-aggregate 
combinations whose expansion in the pro- 
posed method of test equals or exceeds 0.200 
per cent at an age of 1 yr should be consid- 
ered unsatisfactory for use in concrete or 
mortar exposed to wide variations of tem- 
perature and degree of saturation with 
water. 


Reproducibility of the Conrow Test: 


Reproducibility is considered satisfactory 
if in the proposed method of test the per- 
centage expansion of any specimen does not 
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differ by more than 0.003 from the average 
value of the expansion of all test specimens 
molded from the same batch of mortar; if the 
average value so determined exceeds 0.020 
per cent, reproducibility of the test is con- 
sidered satisfactory if the expansion of all 
test specimens molded from the same batch 
of mortar does not differ from that average 
value by more than 15 per cent of that 
average value. 


Mechanism of Cement-Aggregate Reaction in 
the Conrow Test: 


The data indicate that the cement-aggre- 
gate reactions producing adverse expansion 
during the proposed test largely are inde- 
pendent of alkali-aggregate reaction, al- 
though interaction of cement alkalies and 
the aggregate will occur during the test if 
alkali-reactive constituents are present in 
the aggregate. 
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Committee C-11 on Gypsum held two 
meetings during the past year: in At- 
lantic City, N. J., on July 1, 1953, and 
in Washington, D. C., on February 3, 
1954. 

The committee now consists of 20 
members, of whom 9 are classified as 
producers, 3 as consumers, and 8 as 
general interest members. 

The new officers elected at the Wash- 
ington meeting for the ensuing term of 
two years are as follows: 

Chairman, G. W. Josephson. 

Vice-Chairman, B. W. Nies. 

Secretary, O. H. Storey, Jr. 

Committee C-11 is recommending to 
the Board of Directors that its scope 
be revised as set forth below by the 
addition of the underlined words: 

“The formulation of specifications, methods 
of test, and definitions relating to gypsum, cal- 
cined gypsum, gypsum products, and aggregates 
for use therewith.” 

RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 

Subsequent to the 1953 Annual Meet- 
ing, Committee C-11 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 

Tentative Specifications for: 

Gypsum Formboard (C 318 - 53 T). 
Revision of Tentative Specification for: 
Inorganic Aggregates for Use in Interior Plaster 

(C 35 — 52 T), jointly with Committee C-7 on 

Lime.' 

These recommendations were ac- 
cepted by the Standards Committee on 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
1 See Editorial Note, p. 378. 
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September 9, 1953, and the new and 
revised tentative specifications appear 
in the 1953 Supplement to Book of 
ASTM Standards, Part 3. 


New TENTATIVE 


The Administrative Committee on 
Standards accepted new Tentative Spec- 
ifications for Gypsum Concrete on 
September 9, 1953, which was assigned 
the designation of C 317-53 T. Sub- 
sequent to this action, Committee C-11 
in reviewing the specifications recom- 
mended deletion of any reference to 
the use of mineral aggregate designated 
as Type II. Committee C-11 therefore 
now recommends acceptance of the 
Tentative Specifications for Gypsum 
Concrete as appended hereto.” 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
of standards, and accordingly asks for 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order 
that these recommendations may be 
referred to letter ballot of the Society: 


Standard Specifications for Gypsum 

Wallboard (C 36 - 52).* 

Section 2.—In line 5, delete “or other 
fibrous material.” 

Add the following sentence to the end 
of the section: “The back surface of 
insulating gypsum wallboard shall in 
addition be covered with aluminum 
foil.” 


? The new tentative was accepted by the So- 
ciety and appears in the} 1954 Supplement to 
Book of ASTM Standards, Part 3. 

? 1952 Book of ASTM Standards, Part 3. 
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Section 4.—In line 3, change “one” 
to “three.” 

Delete the last sentence of this sec- 
tion. 

Section 5.—In Paragraph (a), change 
the last sentence to read as follows: 

The average thickness of the edge of recessed 


or tapered edge board shall be at least 0.010 in. 
less than the average thickness of the board as 


On Gypsum 


Note 2.—Gypsum wallboard is available 
with the face surface predecorated. 


New Section.—Add the following new 
Section 7 and renumber the subsequent 
sections accordingly: 


7. Insulating Gypsum Wallboard.—(a) In- 
sulating gypsum wallboard shall meet all the 


Conical Vessel 


20-Gage 
Galvanized iron 


Braces for Legs 
and Slide Gote 
Soldered to Conical 
Vessel 


‘steel Rod Legs 
Plate Glass 


Leg Riveted 
to Conical Vessel 


Elevation 


Slide Gote 
Detail 


determined in accordance with Sections 39 to 
41 of ASTM Methods C 26.4 

In Paragraph (5), add an additional 
width of “16 in.” 

In Paragraph (c), add a §-in. board 
as being available in 4-ft. to 14-ft. 
lengths. 

Section 6.—Change Note 2 to read as 
follows: 


4See proposed revision of Method C 26 in 
this report. 


Pian View 
Fic. 1.—Consistometer. 


requirements specified above, except that in 
addition the back surface shall be covered with 
pure bright-finished aluminum foil. 

(6) When tested in accordance with Procedure 
A of the Tentative Methods of Test for Measur- 
ing Water Vapor Transmission of Materials in 
Sheet Form (ASTM Designation: E 96), the 
permeance of insulating gypsum wall board shall 
not exceed 0.30 perm for the condition of 50 
per cent relative humidity on Side I, the face 
of the board, and 0 per cent relative humidity 
on Side II, the foil-covered back of the board. 
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_ Standard Methods of Testing Gypsum 


and Gypsum Products (C 26-52).3 


Section 3—Add the following new 
note prior to the present note to this 
section: 

Note.—For suggested method of sieving 
gypsum through a No. 325 (44-micron) sieve, 
see the Appendix. 

Sections 19 to 21—Change the center 
heading preceding these sections to 
read: “Normal Consistency of Gypsum 
Concrete and Gypsum Plaster.” 

Section 19.—Add the following new 
Paragraph (d): 

(d) Consistometer.—The consistometer (Fig. 
3) shall consist of a conical vessel A, made of 
noncorroding, nonabsorbent material and shall 
have an inside diameter of 9 in. at the top and 
13 in. at the bottom, and a height of 534 in. 
It shall be provided with a sliding gate B, at 
the bottom and supported so that the bottom is 
4 in. above the base plate C. The base plate 
shall be of plate glass, free of scratches and about 
18 in. square. 


New Figure——Add a new Fig. 3 (the 
accompanying Fig. 1). 

Section 20.—Change the heading for 
this section to read “Procedure for 
Gypsum Plaster.” 

New Section—Add a new Section 21 
to read as follows, renumbering the 
subsequent sections accordingly: 


21. Procedure for Gypsum Concrete. 

(a) The consistometer and the base plate 
shall be clean and dry and the sliding gate shall 
be closed. 

(6) A 2000-g. sample shall be sifted into a 
known volume of water. After allowing the 
sample to soak for 1 min., the mixture shall be 
stirred for 3 min. to an even fluidity. The mixture 


_ shall then be poured into the consistometer 


until level with the top. The sliding gate shall 
then be rapidly and completely opened, allowing 
the mixture to run out freely upon the base plate. 
When the sliding gate is opened care should be 
exercised to avoid jarring the consistometer. 

(c) The resulting patty on the base plate 


_ shall then be measured along its major and 


minor axes and the average diameter deter- 
mined. 

Norte.—The addition of 0.50 g. of commercial 
retarder to the mixing water is required when 
determining normal consistency. No retarder 
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shall be added when preparing specimens for 
compressive strength tests. 


Section 21.—In Paragraph (0), change 
the heading to read “Gypsum Mixtures 
Containing Aggregates, Except Gypsum 
Concrete.” 

Add a new Paragraph (c) to read as 
follows: 


(c) Normal Consistency, Gypsum Concrete.— 
Gypsum concrete shall be considered of normal 
consistency when a patty diameter of 15 + }4 in. 
is obtained when tested in accordance with Sec- 
tion 21. Normal consistency shall be expressed 
as the number of milliliters of water required to 
be added to 100 g of the gypsum concrete. 


New Section—Add a new Section 23 
on Density to read as follows and re- 
number the subsequent sections ac- 
cordingly: 


23. The density of gypsum concrete, ex- 
pressed in pounds per cubic foot, shall be deter- 
mined by multiplying by 0.095 the total weight 
in grams of the five compressive strength cube 
specimens, after drying (Section 21). 


Section 26.—In Paragraph (6), change 
the third and fourth sentences to read 
as follows: “Place the cubes in the molds 
in moist air (90 per cent to 100 per cent 
humidity). The cubes may be removed 
from the molds as soon as thoroughly 
hardened, but must be retained in the 
moist air not less than 24 hr. total. 
Store at a temperature not less than 
70 F. (21.16 C) nor more than 100 F. 
(37.86 C) in an atmosphere having a rel- 
ative humidity of not more than 50 per 
cent.” 

Section 31(c).—Change the last sen- 
tence of this section to read as follows: 
“The weight of the residue is the weight 
of insoluble matter.” 

Section 34.—In line 1, change “ten” 
to “five.” 

Section 37.—Add the following after 
the first sentence: “When testing per- 
forated gypsum lath, the specimens 
shall be so positioned that the load is 
not applied over any perforations.” 
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New Sections.—Add the following new 
Sections 39 to 41, renumbering the sub- 
sequent sections accordingly: 


39. Test Specimens.—The samples shall 
consist of a minimum of three boards. The in- 
dividual boards to be tested shall be marked, 
scored both sides, and broken 1 ft. from each 
end and the two ends (1-ft. length) shall be dis- 
carded prior to tests. The remaining part of the 
board shall be retained and hereinafter referred 
to as a test specimen. 

40. Procedure-—A self-reading micrometer 
gage shall be used for determining thickness 


, measurement to 0.001 in. The micrometer shall 


be a 1-in., self-reading, hand micrometer with 
Y-in. diameter anvils, graduated to 0.001 in. 
(equal to that manufactured by the Slocum 
Co.). The micrometer contact shall be firm but 
shall not indent the paper. Two micrometer 
readings shall be taken on each end of the board 
(total of four tests) 6 in. from each edge. The 
four micrometer readings shall be averaged and 
taken as the average thickness of the one test 
specimen. Two readings shall be taken on each 
edge of the test specimen, 6 in. from the end, 
and 3 in. from edge (total of four readings). 
These four tests shall be averaged and taken as 
the average thickness of the taper or recessed 
edge. 

41. Report.—If the average thickness of the 
edge is found to be at least 0.010 in. less than 
the average thickness of the board, then the 
board shall be considered to have a recessed or 
tapered edge. 


Appendix.—Add the following .Ap- 
pendix to the method: neti 


APPENDIX 
AtcoHot WasH METHOD OF SIEVING GYPSUM 
AND Gypsum PRODUCTS 


It is impracticable to sieve dry gypsum 
through a No. 325 (44-micron) sieve, and water 
cannot be used as a washing agent without in- 
troducing errors due to hydration or solution. 

Use isopropyl alcohol (99 per cent) as the 
washing agent. Place the alcohol in a vessel 1 
to 2 in. larger in diameter than the sieve, to a 
depth above 2 in. Place an accurately weighed 
50-g sample on a No. 325 (44-micron) sieve or, 
if desired, a coarser sieve up to and including the 
No. 100 (149-micron) sieve. Lower the sieve 
into the alcohol unti] the sample is wetted 
throughout. Lift the sieve out of the alcohol, 
with a swirling motion, permitting the alcohol 
to drain through the sample back into the vessel. 
Repeat this operation at least eight times and 
until the alcohol passes freely through the sieve 
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and the sample is essentially free from fines. 
Wash the residue retained on the sieve with 
about 100 ml of clear alcohol, and then blot the | 
bottom of the sieve with a soft, dry, lint-free 
cloth. Dry the sieve with the residue at 100 to 
125 F. Shake the sieve on a mechanical shaker 
(Ro-Tap or equivalent) for exactly 2 min. 
Multiply by two the weight of material retained 
after shaking in order to obtain percentage of 
the original sample. If desired, to permit simul- 
taneous determinations of coarser fractions, the 
residue after drying and before shaking may be 
transferred to a series of coarser sieves up to 
and including the No. 100, nested in sequential 
order above the No. 325 sieve. The alcohol may 
be reused after decanting or filtering, provided 
its strength does not fall below 95 per cent. 


Standard Specifications for Gypsum 
Partition Tile or Block (C 52 - 41).? 


Section 3(b).—Delete this section. 
Section 4.—In line 1, change “1” to 
“cl 99 


In line 3, change “ten” to “five.” 


Standard Specifications for Gypsum 
Sheathing Board (C 79-52).’ 


Section 5.—In line 3, change “one” 
to “three.” 

Delete the last sentence of this sec- 
tion. 


Standard Specifications for Gypsum 
Lath (C 37-50). 


Section 1.—Change to read as follows 
by the addition of the italicized words 
and the deletion of those in brackets: 

1. These specifications cover plain, perforated 
and insulating [and other mechanical key] types 
of gypsum lath, [which are] designed to be used 
as a base for the reception of gypsum plaster. 


Section 2.—Change to read as follows 
by the addition of the italicized words 
and the deletion of those in brackets: 


2. Gypsum lath shall consist of an incom- 
bustible core, essentially gypsum, with or with- 
out fiber but not exceeding 15 per cent of fiber 
by weight, and surfaced with paper [or other 
fibrous material] firmly bonded to the core. 
The back surface of insulating gypsum lath shall 
be covered with aluminum foil. 


Sections 3 to 6.—Add a center heading 
preceding these sections entitled “Plain 


Gypsum Lath” | 
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_ Section 3.—Change the introduction 
to this section to read as follows by the 
addition of the italicized words and 
« the deletion of those in brackets: 


3. When tested, either face up or face down, 
in accordance with the Standard Methods of 
Testing Gypsum and Gypsum Products (ASTM 
Designation: C 26) [of the American Society 
for Testing Materials], the breaking loads of 
specimens taken from the gypsum lath shall 
[carry] be not less than the following [loads 
without showing a breaking of the bond between 
the surfacing and the core]: 


; Section 4.—Change to read as follows 
_ by the addition of the italicized words 
and the deletion of those in brackets: 


4. At least 0.25 per cent of the number of 
gypsum lath in a shipment, but not less than 
[ten] three lath, shall be so selected as to be repre- 
sentative of the shipment, and shall constitute 


a sample for purpose of tests. [When a ship- 
ment consists of more than one car or carrier 
load, a sample shall be taken from each car or 
carrier.] 

Section 5(e).—Delete this section. 
_ Section 6.—In Paragraph (6), first 
line, delete the word “their.” 


Delete the Note to this section. 

New Sections—Add a new Section 
7 and a new Section 8 as follows, re- 
j numbering the subsequent sections ac- 


cordingly: 

9. Perforated Gypsum Lath.—Perforated 
gypsum lath shall meet the requirements for 
plain gypsum lath except that it shall have per- 
forations not less than 34 in. in diameter with 
one perforation for not more than 16 sq in. of 


Highway Materials. 


Report oF CommitTEE C-11 


EprroriAL NOTE 


Subsequent to the Annual Meeting, Committee C-11, jointly with Committee C-7, 
presented to the Society through the Administrative Committee on Standards the 
recommendation that the Tentative Specification for Inorganic Aggregates for Use in 
Interior Plaster (C 35-53 T) be revised. This recommendation was accepted by the 
Standards Committee on December 22, 1954, and the revised specification appears in 
the 1954 Supplement to Book of ASTM Standards, Part 3, and in the December, 1954, 
Compilation of ASTM Standards on Mineral Aggregates, Concrete, and Nonbituminous 


lath, and except that the breaking loads when 
tested with the bearing edges parallel to the 
fiber of surfacing shall be not less than 20 Ib 
for 3¢ in. thickness and not less than 30 Ib for 
in. thickness. 

8. Insulating Gypsum Lath.—(a) Insulating 
gypsum lath shall meet the requirements for 
plain gypsum lath except that in addition the 
back surface shall be covered with a continuous 
sheet of pure bright finished aluminum foil. 

(6) When tested in accordance with Procedure 
A of the Tentative Methods of Test for Measur- 
ing Water Vapor Transmission of Materials in 
Sheet Form (ASTM Designation: E 96) the 
permeance of insulating gypsum !ath shall not 
exceed 0.30 perm for the condition of 50 per 
cent relative humidity on Side I, the face of the 
lath, and 0 per cent relative humidity on Side 
II, the foil-covered back of the lath. 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.* 


This report has been submitted to 
letter ballot of the committee, which 
consists of 20 members; 20 members 
returned their ballots, of whom 19 
have voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
G. W. JosEPHsoN, 


Chairman. 
O. H. Storey, Jr. 7 
Secretary. 


5 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Committee C-12 on Mortars for Unit 
Masonry held two meetings during the 
past year: on July 2, 1953, in Atlantic 
City, N. J., and on February 4, 1954, 
in Washington, D. C. 

At the present time, the committee 
consists of 39 members, of whom 16 are 
classified as producers, 12 as consumers, 
and 11 as general interest members. 
There are 3 consulting members. 

The election of officers for the ensuing 
two-year term resulted in the selection 
of the following: 

Chairman, R. E. Copeland. 

First Vice-Chairman, MHarry C. 
Plummer. 

Second Vice-Chairman, P. M. Wood- 
worth. 

Secretary, J. A. Murray. 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Specifications for Mortar for 
Unit Masonry (C 270-52 T)! be re- 
vised as follows and continued as 
tentative. 

Section 1.—Change the final paragraph 
to read as follows: 


Unless data are presented to show that the 
mortar meets the requirements of the property 
specifications, the proportion specifications 
shall govern. 


Section 2(d)—Change to read as 
follows: 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
11952 Book of ASTM Standards, Part 3. 


REPORT OF COMMITTEE C-12 
ON 
MORTARS FOR UNIT MASONRY* 


(dq) Admixtures or mortar colors shall not 
be added to the mortar at the time of mixing 
unless provided for in the contract specifications, 
and after the materials are so added, the mortar 
shall conform to the requirements of the prop- 
erty specifications. i 

Table I and Table II.—Change the - 
designations for mortar types to read 
as follows and add the moments foot- 
note: 


* Mortar type designations in parentheses are 
the former type designations in effect prior to 
1954. They are being temporarily retained to 
avoid confusion during the transition to the use 
of the newer designations, approved in June 
1954. 

Table II.—In the column headed 
“Parts by Volume of Masonry Cement,” 
and in the line for the present “Type Cc 
Mortar,” change the material within — 
the parentheses to read “(type I or II).” 


TENTATIVE CONTINUED 
WirHovut REVISION 


A study of the Tentative Specifications 
for Mortar for Reinforced Brick Ma- 
sonry (C 161 — 44 T) is now under way. 
It appears that extensive modifications 
of this tentative may be necessary, but 
sufficient progress has not been made as 
yet to warrant submission of any pro- 
posed changes to letter ballot. The 
committee therefore recommends that 
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Specifications C 161 — 44 T be retained 
as tentative without revision. 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.” 


SUBCOMMITTEE ACTIVITIES 


Subcommittee II on Research (F. O. 
Anderegg, chairman) has active study 
under way on pointing mortars and tests 
for the subjective properties involved in 
workability and plasticity. The sub- 
committee is also considering reinforced 
brick masonry and provision of prop- 
erties to secure more wall strength by 
giving adequate attention to the factor 
of area of contact. Shrinkage cracking is 
being studied, especially from the effect 


of fines in the sand and flexibility of the 


‘mortar to adjust itself to movements. 
Subcommitiee IV on Specifications for 
_ Aggregates for Mortar (Stanton Walker, 
chairman) is considering the provision of 
an “escape clause” in the Tentative 


? The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Specification for Aggregate for Masonry 
Mortar (C 144 T), based upon methods 
of tests for water retention and com- 
pressive strength now included in Speci- 
fication C 270 T. 

Subcommittee on Effiurescence (P. L. 
Rogers, chairman) is giving final review 
to comments on a report of cooperative 
tests prepared for publication in the 
ASTM Butteti.’ A new draft of test 
methods is being prepared for presenta- 
tion. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 39 members; 30 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
J. M. Harpesrty, 


Chairman. 


J. A. Murray, 
Secretary. 


’P. L. Rogers, “Developing a Test Method 
for Efflorescence of Masonry Mortar,’’ ASTM 
Butietin, No. 200, September, 1954, p. 64 
(TP190). 
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Committee C-13 on Concrete Pipe 
held one meeting during the year: in 
Chicago, Ill., on September 15 and 16, 
1953. The Subcommittee on Low-Head 
Pressure Pipe Specifications met in 
Chicago on September 13 and 14, 1953. 

The present membership of the com- 
mittee consists of 36 members, of whom 
17 are classified as producers, 16 as 
consumers, and 3 as general interest 
members. 

The election of officers for the ensuing 
term of two years resulted in the 
selection of the following: 

Chairman, R. R. Litehiser. 

Vice-Chairman, E. F. Bespalow. 
| Secretary, Howard F. Peckworth. 

The committee has prepared a revision 
of its scope, which is indicated below by 
the addition of the italicized words. This 
revision is being presented to the Board 
of Directors for action. 


Scope-—The formulation of specifica- 
tions, methods of test for concrete pipe 
(reinforced and unreinforced) used for 
constructing sewers, culverts, and for irriga- 
tion and drainage. 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends for publi- 
cation tentative revisions of the following 
standards as indicated: 


Standard Specifications for Concrete 
Sewer Pipe (C 14-52):! 


Section 20.—Change Paragraph (5) to 
read as follows: 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
1 1952 Book of ASTM Standards, Part 3. 
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CONCRETE PIPE* 


(b) Acceptance or Rejection as to Other than 
Strength Properties—In other than - strength 
tests when not more than 20 per cent of the 
specimens fail to pass the requirements of the 
specification, the manufacturer may cull his 
stock and may eliminate whatever quantity of 
pipe he desires and must so mark those pipe. 
that they will not be shipped. The required 
tests shall be made on the balance of the order 
and they shall be accepted if they conform to 
the test requirements. 


Section 24.—Change to read as follows: 


24. The planes of the ends of the pipe shall 
be perpendicular to their longitudinal axes 
subject to limits of variation as shown in Table 
III. 

Table I.—Delete the Note which 
appears at the top of Table I. 

Table III.—Amend Table III by the 
addition of the following requirements 
for “Length of Two Opposite Sides, in.,’ 
under the — “Limits of Permissible 


(Nominal Size, 
Internal Diameter, 

in.) Variation, in. 
Ke 
16 

Ke 


Delete the Note which appears at the 
top of Table IIT. 

Figure 1.—Revise Fig. 1 to show an 
I-beam in both the cross-sectional view 
and the end view on top of the wooden 
bearing block. The upper bearing block 
and the I-beam shall extend the full 
length of the pipe over the bell exclusive 
of the socket. The I-beam shall be 


labeled “Rigid steel member, I-beam or 
other type.” 


Standard Specifications for Reinforced 
Concrete Sewer Pipe (C 75 - 52): 


Section 20.—Change to read as follows: 


20. A purchaser of pipe, whose needs require 
shipments at intervals over extended periods of 
time, shall be entitled to preliminary tests of 
not more than three sections of pipe covering 
each size in which he is interested. Pipe having a 
diameter greater than 72 in. shall be accepted on 
the basis of tests of absorption and compressive 
strength of concrete cores drilled from the bar- 
rel of the pipe, and by examination of the qual- 
ity, amount, and accuracy of placement of the 
reinforcement. When mutually agreed upon by 
the purchaser and the seller, pipe having an 
internal diameter of 72 in. and less may also be 
accepted on the basis of tests of strength and 
absorption of drilled cores, in which case the 
specified strength requirements for full size 
pipe shall be waived. Cores drilled from the 
barrel of the pipe shall have a diameter not 
less than 314 in. They shall be secured, prepared 
for testing, and tested by the methods prescribed 
in Standard Methods of Securing, Preparing and 
Testing Specimens from Hardened Concrete for 
Compressive and Flexural Strength (ASTM 
Designation: C 42). 

When the cores cut from a section of pipe 
successfully meet the strength test requirement, 
the core-holes shall be plugged and sealed by the 
manufacturer in such a manner that the pipe 
section will meet all of the test requirements of 
this specification. Pipe sections, so sealed, shall 
be considered as satisfactory for use. 

After these preliminary tests, a purchaser 

shall be entitled to additional tests in such 
numbers and at such times as he may deem 
necessary, provided that the total number of 
pipe tested shall not exceed 1 per cent of the 
pipe delivered. 


Section 25.—Change to read as follows: 


25 (a). Acceptance or Rejection as to Strength 
_ Properties.—Pipe shall be acceptable under the 
strength test requirements when all test speci- 
-mens conform to the test requirements. Should 
any of the test specimens fail to meet the test 
requirements, then the manufacturer will be 
allowed a retest on two additional specimens 
_ for each specimen that failed, and the pipe 
_ shall be acceptable only when all of the retest 
specimens meet the strength requirements. 
(b) Acceptance or Rejection as to Other Than 
Strength Properties—In other than strength 
tests when not more than 20 per cent of the 
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specimens fail to pass the requirements of the 
specification, the manufacturer may cull his 
stock and may eliminate whatever quantity of 
pipe he desires and must so mark those pipe 
that they will not be shipped. The required 
tests shall be made on the balance of the order 
and they shall be accepted if they conform to 
the test requirements. 


Section 30.—Redesignate present 
Paragraph “(c)” as “(d),” and add the 
following new Paragraph (c): 

(c) Variations in laying lengths of two 
opposite sides of a pipe shall be not more than 
¥ in. per ft of diameter with a maximum of 
5% in. in any length of pipe. 

Section 31.—Change the second sen- 
tence to read: “The planes of the ends 
of the pipe shall be perpendicular to their 
longitudinal axes subject to limits of 
variation in Section 30 (c).” 

Table I.—Remove the Note which 
appears at the top of Table I. 

Add the following sentence to footnote 
(a) of Table I: “Where two lines of 
circular steel are specified, the inner cage 
shall contain not less than 50 per cent 
nor more than 60 per cent of the total 
area of steel listed above for each size of 
pipe.” 

Figure 2.—Revise Fig. 2 as recom- 
mended for Fig. 1 of Standard Specifica- 
tions C 14 above. 

Figure 3.—Revise Fig. 3 to show an 
I-beam in both the cross-sectional view 
and the end view on top of the wooden 
bearing block. The I-beam shall be 
labeled “Rigid steel member, I-beam or 
other type.” 


Standard Specifications for Reinforced- 
Concrete Culvert Pipe (C 76-52):! 


Section 21.—Change this section to 
read as recommended for Section 20 of 
Standard Specifications C 75 above. 

Section 27.—Change this section to 
read as recommended for Section 25 of 
Standard Specifications C 75. 

Section 32.—Redesignate present 
Paragraph “(c)” as “(d)” and add a new 
Paragraph (c) as recommended for 
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Section 30 of Standard Specifications 
C 75. 

Section 33.—Change the second sen- 
tence to read: “The planes of the ends 
of the pipe shall be perpendicular to 
their longitudinal axes subject to limits 
of variation in Section 32 (c).” 

Table I and Table II.—Revise as 
follows: Under the columns headed 
“Circular Reinforcement in Circular 
Pipe,” change the word “each” to 
“totaling,” and double the numerical 
value of each number following the 
present word “each.” Add a footnote 
(c) as follows: “Where two lines of 
circular steel are specified, the inner cage 
shall contain not less than 50 per cent 
nor more than 60 per cent of the total 
area of steel listed above for each size of 
pipe.” The reference to this footnote 
shall follow the word “lines” each place 
the word appears under the column 
headed “Circular Reinforcement in 
Circular Pipe.” 

Figure 2.—Revise Fig. 2 as recom- 
mended for Fig. 1 of Standard Specifica- 
tions C 14 above. 

Figure 3.—Revise Fig. 3 as recom- 
mended for Fig. 3 of Standard Specifica- 
tions C 75 above. 


Standard Specifications for Concrete 
Irrigation Pipe (C 118 - 52):! 


Title.—Change the title of the specifi- 
cation to read “Standard Specifications 
for Concrete Pipe for Irrigation or 
Drainage.” 

Section 1.—Add the words “and for 
use in drainage.” 

Section 2.—Add the words “or as 
‘ASTM Standard Concrete Drainage 
Pipe’.” 

Section 5.—Add a footnote as follows: 
“Where alkali or sulfates are present, 
sulfate-resistant cement shall be used in 
manufacturing, and the maximum 
allowable absorption shall be 5 per cent. 

Section 11—Change to read as 
follows: 


| 
é 


11. (@) When used for irrigation systems, 
the ends of the pipe shall be so formed that 
when laid together and the joints cemented, 
they will make a continuous and uniform line 
of pipe with a smooth and regular interior sur- 
face. The joints shall be of such design as will 
permit effective cementing and placement with- 
out appreciable irregularities in the flow line. 

(b) When used for drainage, joints shall 
be furnished which will preserve alignment in 
the trench when laid without mortar or other — 
jointing material, allow the entrance of water, ; 
and minimize the entrance of solids. 


Section 12.—Change Paragraphs (d) 
and (e) to read as recommended for 
Section 25, Paragraphs (a) and (6) of — 
Standard Specifications C 75 above. 

Table I.—Change the title to read as 
follows: “Physical Test Requirements 
for Standard Concrete Irrigation Pipe 
and Standard Concrete Drainage Pipe.” 

Table I.—Add the following new pipe 
sizes and test requirements for these 
sizes of pipe: 


7 


Test Requirements 


Internal 


Minimum | Hydro- | Minimum 
Shell static | Three- | 
Thick- Pres- Edge- | “Abso: 
eter, in. | ness,in. | sure on | B 


Individ- 
ual Sec- | per acer = 


tions, t 
psi 
ore % 75 1000 8 
*5...... % 75 1000 8 


* Special sizes obtainable in some localities. 


Figure 1.—Revise Fig. 1 as recom- _ 
mended for Fig. 3 of Standard Specifica- _ 
tions C 75 above. : 


ADOPTION OF ‘TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
tentative revisions of the following 
standards as indicated be approved for 
reference to letter ballot of the Society 
for adoption as standard: — 

Standard Specifications for Concrete 
Sewer Pipe (C 14-52),) tentative re- 
vision of Section 10 (5), issued June, 
1951. 
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Standard Specifications for Reinforced 
Concrete Sewer Pipe (C 75 — 52), tenta- 
tive revision of Section 30 (0) issued 
June, 1951. 

Standard Specifications for Reinforced 
Concrete Culvert Pipe (C76-52),! 
tentative revision of Section 32 (0) 
issued June, 1951. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


SUBCOMMITTEE ACTIVITIES 


Long Range Planning Subcommittee 
(W. E. Corbett, chairman).—This sub- 
committee is continuing its consideration 
of interim matters which are presented 
between meetings of the committee. 

The Task Group on Specifications for 
Low-Head Pressure Concrete Pipe (H. G. 
Curtis, chairman) has under develop- 
ment proposed specifications for low- 
head reinforced-concrete pressure pipe, 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


and for low-head reinforced-concrete 
sewage force mains. 

A task group under the chairmanship 
of Peter Van Kuran has been appointed 
to study the need for a specification for 
precast concrete manholes for access to 
nonpressure lines. 

A task group has been appointed 
under the chairmanship of M. G. 
Spangler to study the desirability of 
combining Specifications C 75 and C 76, 
or to coordinate them and bring them 
up to date in accordance with present 
practices and wording. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 36 members; 28 members 
returned their ballots, of whom 27 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
R. R. 
Chairman. 
Howarp F. PEcKwortH, 
Secretary. 
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Committee C-14 on Glass and Glass 
Products held two meetings during the 
past year: on October 8, 1953, in Roch- 
ester, N. Y., and on April 21, 1954, in 
Chicago, Ill. 

During the year there have been two 
resignations, and three new members 
have been added to the committee. 

The committee, as of April 21, con- 
sisted of 47 voting members, 9 non- 
voting members, and 15 consulting 
members. The voting membership con- 
sists of 17 producers, 16 consumers, and 
14 general interest members. 

The present officers were re-elected for 
the ensuing term of two years. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee C-14 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Methods for: 

Determining Annealing and Strain Points of 
Glass (C 336-54 T), 

Determining the Softening Point of Glass 
(C 338-54 T), and 

Determining Average Linear Expansion of 
Glass (C 337 - 54T). 


Revision of Tentative Methods of: 


Sampling and Testing Structural Non-Load 
Bearing Cellular Glass Blocks (C 240-50 T). 


These recommendations were accepted 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


REPORT OF COMMITTEE C-14 


GLASS AND GLASS PRODUCTS* 


by the Standards Committee on May 
18, 1954. 


ADOPTION OF TENTATIVE 
AS STANDARD 


The committee recommends that the 
Tentative Methods of Test for Resist- 
ance of Glass Containers to Chemical 
Attack (C 225-49T)! be approved for 
reference to letter ballot of the Society 
for adoption as standard without change. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Chemical Analysis _ 
(F. W. Glaze, chairman) is preparing 
revisions of the Methods of Chemical 
Analysis of Glass Sand (C 146-43) 
and the Methods of Chemical Analysis 
of Soda-Lime Glass (C 169-53). The 
subcommittee is also working on colori- 
metric procedures for determining alumi- — 
num oxide, titanium dioxide, chromic 
oxide, and ferric oxide. 

Subcommittee IV on Physical and 
Mechanical Properties (H. R. Lillie, 
chairman) has prepared methods for the _ 
determination of softening point, thermal 
expansion, strain, and annealing points, — 
and these methods are being presented 
to the Administrative Committee on 
Standards as stated previously in the 
report. 

Subcommitiee VI on Glass Construction 
Block and Tile (A. H. Baker, chairman). 
—A revision of the Tentative Methods 
of Sampling and Testing Structural 
Non-Load-Bearing Cellular Glass Blocks 


11952 Book of ASTM Standards Part 3. 
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(C 240-50 T) has been prepared by the have voted affirmatively and 0 
subcommittee, and is being presented to negatively. 
the Administrative Committee on Stand- 


ards. . Respectfully submitted on behalf of 
the committee, 
This report has been submitted to L. G. GHERING, 
letter ballot of the committee, which Chairman. 


consists of 47 voting members; 33 mem- F. V. Too.ey, 
bers returned their ballots, of whom 31 Secretary. 


. Subsequent to the Annual Meeting, Committee C-14 presented to the Society through 


4 Definitions of Terms Relating to Glass and Glass Products (C 162 — 52). The tentative ad 
revisions were accepted by the Standards Committee on December 22, 1954, and they 

will appear in the April, 1955, Compilation of ASTM Standards on Glass and Glass 
Products. 


the Administrative Committee on Standards tentative revisions of the Standard __ 
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Committee C-15 on Manufactured 
Masonry Units held two meetings dur- 
ing the past year: on July 2, 1953 in 
Atlantic City, N. J., in connection with 
the Annual Meeting of the Society, and 
on February 2, 1954, in Washington, 
D. C., during ASTM Committee Week. 

At the present time Committee C-15 
consists of 65 members, of whom 30 are 
classified as producers, 18 as consumers, 
and 17 as general interest members. 

Committee C-15 has voted to expand 
its scope to include waterproofing mate- 
rials for unit masonry. A special study 
committee has been appointed to recom- 
mend qualified and interested people for 
membership on a new subcommittee 
for such materials. 

Subcommittees II on Clay Building 
Brick, IV on Paving and Sewer Brick, 
and VII on Structural Clay Tile have 
been combined and will bear the title 
of Subcommittee II on Clay Brick and 
Structural Clay Tile. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, J. W. Whittemore. 

First Vice-Chairman, Theodore I. Coe. 

Second Vice-Chairman, P. M. Wood- 
worth. 

Secretary, M. H. Allen. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 
Subsequent to the Annual Meeting, 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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Committee C-15 presented to the So- 
ciety through the Administrative Com- 
mittee on Standards the following 
recommendation: 


Tentative Revision of Standard: 


Specifications for Structural Clay Load-Bearing _ 
Wall Tile (C 34 - 52). 


This recommendation was accepted by 
the Standards Committee on September 
9, 1953, and the tentative revision ap- 
pears in the 1953 Supplement to Book of 7 
ASTM Standards, Part 3. i. 


TENTATIVE REVISION OF STANDARD 


The committee recommends for pub- . 
lication the following tentative revision — 
of Standard Methods of Sampling and 
Testing Concrete Masonry Units 
(C 140 - 52):! 


Section 7—Change to read as follows: 


7, The units shall be prepared by one of two 
capping procedures: 

(a) Cement-Gypsum Capping.—A quantity 
of plastic capping mortar, made of one part 
(by volume) of portland cement and one part 
of calcined gypsum (plaster of Paris) and mixed 
with sufficient water to spread evenly, shall be 
placed on a nonabsorbent surface which has 
been coated with oil. The surface shall be plane 
within 0.003 in. in 16 in. and shall be sufficiently 
rigid and so supported as not to be measurably 
deflected during the capping operation. The 
surface of the unit to be capped shall be placed 
on the capping mortar, and the specimen, held 
so that its axis is at right angles to the capping 
surface, shall be firmly pressed down with a 
single motion. The average thickness of the cap 
shall be not more than } in. Patching of the 
caps shall not be permitted. Imperfect caps shall 


11952 Book of ASTM Standards, Part 3. 
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_ be removed and replaced with new ones. The 
caps shall be aged for at least 24 hr before the 


; specimens are tested. 


(6) Sulfur-Filler Capping—A mixture of 
40 to 60 per cent sulfur (by weight), the re- 
mainder being ground fire clay or other suitable 
inert material passing a No. 100 (149 micron) 
sieve, with or without a plasticizer, shall be 
employed. The casting surface plate shall con- 
form to the requirements described in 7(a) and 
shall be lightly coated with oil. Four 1 in. sq 
steel bars shall be placed on the surface plate 
to form a rectangular mold approximately 4 

in. greater in either inside dimension than the 
masonry unit. The sulfur mixture shall be heated 
in a thermostatically controlled heating pot to 


a temperature sufficient to maintain fluidity 


for a reasonable period of time after contact 
_ with the capping surface. Care shall be exercised 
_ to prevent overheating, and the liquid shall be 
_ stirred in the pot just before use. The mold shall 
be filled to a depth of 4 in. with molten sulfur 


_ material. The surface of the unit to be capped 


shall be quickly placed in the liquid, and the 


specimen shall be held so that its axis is at right 
angles to the capping surface. The unit shall be 
- allowed to remain undisturbed until solidifica- 
> tion is complete. The caps shall be allowed to 


cool for a minimum of 2 hr before the specimens 


are tested. 


_ ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following tentative specifications be 
approved without revision for reference 
to letter ballot of the Society for adop- 

_ tion as standard: 


Tentative Specifications for: 


Structural Clay Facing Tile (C 212 - 
52 T),' and 


Epiroriat Norte 


y Subsequent to the Annual Meeting, Committee C-15 presented to the Society through 
the Administrative Committee on Standards the recommendation that the Tentative 
Specifications for Drain Tile (C 4-50 T) be revised. The recommendation was ac- 
cepted by the Standards Committee on September 28, 1954, and the revised specifica- 
tions appear in the 1954 Supplement to Book of ASTM Standards, Part 3. 
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Chemical-Resistant Masonry Units 
(C 279-52 T).! 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Specifications for Drain Tile 
(C4-S0T) which have stood without 
revision for two or more years, due to 
further revisions in process, be retained 
as tentative.? 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


This report has been submitted to 
letter ballot of the committee, which 
consists of 65 members; 57 members 
have returned their ballots, of whom 
56 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 

the committee, 
J. W. WuitTEemore, 
Chairman. 

M. H. ALLEN, 

Secretary. 

2See Editorial Note, this page. 

3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


4 
ing 
hel 
* 
ant 
on 
me 
an 
me 
pre 
int 
ex! 
to 
col 
TI 
cal 
ria 
ref 
de 
ca 
of 
su 
ch 
te 
ti 
a 
~T wa 4 
| oe om = 
M 
i a a. 


we 


= cube 
PETS 


Committee C-16 on Thermal Insulat- 
ing Materials and its subcommittees 
held two meetings during the past year: 
at Williamsburg, Va., on October 26, 27, 
and 28, 1953, and at Washington, D. C., 
on February 3, 4, and 5, 1954. 

The committee consists of 73 voting 
members, 25 nonvoting members, 2 
honorary members, 2 associate members, 
and 1 consulting member. The voting 
membership is classified as follows: 37 
producers, 18 consumers, and 18 general 
interest members. 

The Board of Directors approved an 
extension in scope for Committee C-16 
to cover protective coatings used in 
connection with insulating materials. 
The revised scope reads as follows: 


“Formulation of test methods and specifi- 
cations relating to thermal insulating mate- 
rials (except those used in the insulating 
refactory field) and any protective coating 
material associated therewith to preserve 
their thermal insulating efficiency.” 


A new subcommittee was formed and 
designated Subcommittee T-X on Physi- 
cal Properties (Other than Permeance) 
of Coatings Accessory to Thermal In- 
sulation. Mr. H. E. Rapp was appointed 
chairman of this new subcommittee. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, E. R. Queer. 

Vice-Chairman, W. H. Zane. 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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Vice-Chairman, W. L. Scott. 

Secretary, W. L. Gantz. 

Assistant Secretary, J. M. High. 

Assistant Secretary (Membership), E. 
C. Shuman. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee C-16 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 


Tentative Specifications for: 


85 per cent Magnesia Thermal Block Insulation 
(C 319 - 53 T), 

85 per cent Magnesia Thermal Pipe Insulation 
(C 320-53 T), 

Diatomaceous Earth Thermal Block Insulation 
(C 333 - 54 T), and 

Diatomaceous Earth Thermal Pipe Insulation 
(C 334- 54T). 


Tentative Method of Test for: 


Thermal Conductivity of Pipe Insulation 
(C 335 - 54 T). 


Revision of Tentative Method of Test for: 


Thermal Conductance and Transmittance of 
Built-up Sections by Means of the Guarded 
Hot Box (C 236-49 T). 


Tentative Revision of Standard Definitions of: 


Terms Relating to Thermal Insulating Mate- 
rials (C 168 - 51). 


Tentative Specifications C 319 and 


_ C 320 were accepted by the Standards 


Committee on November 9, 1953, and 
the tentative revision of Standard Defi- 
nitions C 168 was accepted on September 
9, 1953. They appear in the 1953 Supple- 


REPORT OF COMMITTEE C-16 
t 
f 
| 
7 
} pe 
f 
— 
- 
= 


390 


ment to Book of ASTM Standards, 
Part 3. 

Tentative Specifications C 333 and 
C 334 were accepted by the Standards 
Committee on January 13, 1954, and are 
appended hereto.' Tentative Method C 
335 and the revision of Tentative Meth- 
od C 236 were accepted on February 23, 
1954, and will appear in the 1954 Supple- 
ment to Book of ASTM Standards, Part 
3. 


New TENTATIVES 


The committee recommends that the 
following specifications be accepted for 
publication as tentatives as appended 


hereto:! 


Tentative Specifications for: 
Cellular Glass Insulating Block, 


] Calcium Silicate Thermal Block Insulation, and 
Calcium Silicate Thermal Pipe Insulation. 


ADOPTION OF TENTATIVES AS 
STANDARD 


The committee recommends that the 
following tentative specifications be ap- 
nap for reference to letter ballot of 

the Society for adoption as standard: 


Tentative Specifications for: 


Mineral Wool Blanket Insulation (Metal-Mesh 
Covered) (Industrial Type) (C 263 - 51 T),? 
and 

Mineral Wool Blanket-Type Pipe Insulation 
(C 280-51 T)2 


ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


« 


The committee recommends that the 
tentative revision of Standard Method 
of Test for Compressive Strength of 


1The new tentatives were accepted by the 

ss geiety and appear in the 1954 Supplement to 
a Sook of ASTM Standards, Part 3 

B 21952 Book of ASTM Standards, Part 3. 
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without revision for two or more years 
_ be retained as tentative: 


Preformed Block Type Thermal Insula- 
tion (C 165 - 45)? issued June, 1952,? be 
approved for reference to letter ballot of 
the Society for adoption as standard. 


WITHDRAWAL OF TENTATIVE 


The committee recommends with- 
drawal of the Tentative Methods of 
Test for Water Vapor Permeability of 
Sheet Materials Used in Connection 
with Thermal Insulation (C 214-48 T)? 
Withdrawal is recommended on the 
basis that the same method is covered in 
the Tentative Methods of Test for 
Measuring Water Vapor Transmission 
of Materials in Sheet Form (E96- 
53 T)? 


TENTATIVES CONTINUED WITHOUT 


REVISION 


The committee recommends that the 
following tentatives which have stood 


‘Tentative Specification for: 


Mineral Wool Molded Type Pipe Insulation 
(for Elevated Temperatures) (C 281 - 52 T), 

Cellular Asbestos Paper Thermal Insulation for 
Pipes (C 298 - 52 T), 

Laminated Asbestos Thermal Insulation for 
Pipes (C 299 - 52 T), 

Mineral Wool Pipe Insulation; Molded Type 
(Low Temperatures) (C 300 - 52 T), 

Mineral Wool Batt Insulation (Industrial Type) 
(C 262 - 51 T), and 

Mineral Wool Felt Insulation (Industrial Type) 


C 264-51 T). 
Tentative Method of Test for: + 
d fi 
Density of Preformed Pipe Covering Type 
Thermal Insulation (C 302 - 52 T), 
Density of Preformed Block Type Thermal In- 
sulation (C 303 - 52 T), and 
Vibration Resistance of Preformed Thermal In- 
sulation for Pipes (C 304 - 52 T). 


71953 Supplement to Book of ASTM 
Standards, Part 7. 
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The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


This report has been submitted to 
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consists of 73 voting members, of whom 
33 have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


letter ballot of the committee, which E. R. QUEER, 

Chairman. 
The letter ballot vote on these recommenda- W. L. Gantz 

tions was favorable; the results of the vote are bos ? 

on record at ASTM Headquarters. Secretary, 


EprrorraL Nore 


Subsequent to the Annual Meeting, Committee C-16 presented to the Society through 
the Administrative Committee on Standards the following recommendations: * 
=, 


Tentative Specification for: 
Corkboard Thermal Insulation (C 352 — 54 T). — + y°@) 
Tentative Method of Test for: 


Mean Specific Heat of Thermal Insulation (C351-54T), $= |. | 
Adhesion of Dried Thermal Insulating Cements (C 353 - 54 T), 

Compressive Strength of Thermal Insulating Cement (C 354 - 54 T), and 

Water Vapor Transmission of Materials Used in Building Construction 


(C 355 - 54 T). 


Tentative Method C 351 was accepted by the Standards Committee on October 4, 
1954, and appears in the 1954 Supplement to Book of ASTM Standards, Part 3; the re- 
maining recommendations were accepted on December 22, 1954, and are available as 


j 

: 

} 
separates 
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Committee C-21 on Ceramic White- 
_ware held two meetings during the year: 
_ the first in Bedford Springs, Pa., on 
... 1, 1953, and the second in 
~ Chicago, Ill., on April 20, 1954. The 


Executive Subcommittee met on the 


same days. The present voting member- 

ship consists of 43 producers, 10 con- 
- sumers, and 18 general interest, or a 
total of 71. 

The election of officers for the ensuing 
term of two years resulted in the se- 
lection of the following: 

Chairman, C. J. Koenig. 
Vice-Chairman, G. W. Phelps. lo 
Secretary, A. J. Gitter. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee C-21 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Method of: 


Sampling Whiteware Clays (C 322-53 T), 

Chemical Analysis of Whiteware Clays 
(C 323-53 T), 

Test for Free Moisture Content of Whiteware 
Clays (C 324-53 T), 

Test for Wet Sieve Analysis of Whiteware Clays 
(C 325-53 T), 

Test for Drying and Firing Shrinkages of White- 
ware Clays (C 326-53 T), 

Test for Linear Thermal Expansion by the 
Interferometric Method (C 327 - 53 T), 


* Presented at the Fifty-seventh Annual 
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Test for Modulus of Rupture of Fired Dry- 
Pressed Whiteware Specimens at Normal 
Temperature (C 328 - 53 T), and 

Test for True Specific Gravity of Fired White- 
ware Materials (C 329-53 T). 


Tentative Method C 323 was accepted 
by the Standards Committee on January 
13, 1954, and the other methods were 
accepted on December 16, 1953; they all 
appear in the 1953 Supplement to Book 
of ASTM Standards, Part 3. 


REVISION OF ‘TENTATIVES 


Tentative Definitions of Terms Relating 
to Ceramic Whiteware (C 242 - 50 T).\— 
Committee C-21 recommends the re- 
vision of these definitions as appended 
hereto.2 The revision consists of the 
addition of new definitions and the 
revision of definitions currently pub- 
lished.! 

This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 

Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Nomenclature (A. 
S. Watts, chairman).—This group held 
several meetings during the year and 
succeeded in processing to the stage of 
submission as tentatives the consider- 
able modification and amplification of 

' 1952 Book of ASTM Standards, Part 3. 

2 The revised tentative was accepted by the 
Society and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 3. 

* The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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C 242-50T referred to above. They 
also have developed and have submitted 
to ballot within the subcommittee 
twelve additional definitions of terms 
relating to ceramic whiteware. 

Subcommitiee II on Tests and Specifi- 
cations (Van E. Campbell, chairman).— 
Five methods of test, noted earlier in 
this report, originating in Subsection Al 
on Clays under the chairmanship of G. 
W. Phelps, have been accepted as 
tentative by the Standards Committee 
during the year. 

The Group on Titanates and Zirconates 
(W. J. Baldwin, chairman) held one 
meeting at which was considered the 
problem involved in evaluating ceramic 
and electrical properties of barium 
titanate dielectrics. To determine the 
effect of variations in the firing and 
silvering operations, specimens were sub- 
mitted to ten cooperating laboratories. 

Subsection C1 on Fundamental Proper- 
ties (W. C. Mohr, chairman) is directly 
responsible for three test methods re- 
ferred to earlier in this report, which 
were accepted as tentative by the 


“it 
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Standards Committee during the year. 
This subsection has currently under con- 
sideration four additional test pro- 
cedures. 

Subcommittee III on Research (H. Z. 
Schofield, chairman).—The activities of 
this subcommittee have been concerned 
primarily in originating and promoting 
research. During the past year these ac- 
tivities have related primarily to the sub- 
sieve particle size studies, under the di- 
rect supervision of Kent Smalley, and to 
re-evaluating methods for modulus of 
rupture determinations. 


This report has been submitted to 
letter ballot of the committee which 
consists of 71 voting members; 60 mem- 
bers returned their ballots, of whom 59 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
C. G. HARMAN, 
Chairman. 
R. F. GELLER, 
Secretary 


| | 
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Committee C-22 on Porcelain Enamel 
held three meetings during the year: in 
Atlantic City, N. J., on July 1, 2, and 
3, 1953, during the Annual Meeting of 
the Society; in Middletown, Ohio, on 
October 27 and 28, 1953; and in Wash- 
ington, D. C., on February 2 and 3, 
1954, during ASTM Committee Week, 

During the past year four new mem- 
bers have been added to the committee 
and there have been two resignations. 
At the same time, two corporate mem- 


_ ber representatives have been replaced. 


At the present time the committee con- 
sists of 41 members, of whom 35 are 


- voting members, with 20 classified as 
- producers, 6 as consumers, and 9 as 


general interest. 

During the year the committee has 
added one new subcommittee to its 
organization, namely, Subcommittee IV 


on Education. 


Election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, W. N. Harrison. 

Vice-Chairman, D. G. Bennett. 

Secretary, G. H. Spencer-Strong. 

Members of Executive Subcommittee 
at Large, B. J. Sweo, J. T. Roberts. 


New TENTATIVES 


The committee recommends that the 
following two methods be accepted for 


* Presented at the Fifty-seventh Annual 
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publication as tentative as appended 
hereto:' 


Tentative Methods of Test for: 


45-deg Specular Gloss of Porcelain Enamels, 
and 

Reflectivity and Coefficient of Scatter of White 
Porcelain Enamels. 


ADOPTION OF TENTATIVES AS STANDARDS 


The committee recommends that the 
Tentative Method of Test for Resistance 
of Porcelain Enameled Utensils to Boil- 
ing Acid (C 283 - 51 T)? and the Tenta- 
tive Method of Test for Sieve Analysis 
of Wet Milled and Dry Milled Porcelain 
Enamel (C 285-52 T)? be approved 
without change for reference to letter 
ballot of the Society for adoption as 
standard. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following be continued as_ tentative 
without revision: 


Tentative Method of Test for: 

Impact Resistance of Porcelain Enameled 
Utensils (C 284 - 51 T). 

Tentative Definitions of: 

Terms Relating to Porcelain Enamel (C 286 - 
The recommendations appearing in 

this report have been submitted to letter 

ballot of the committee, the results of 
1 The new tentatives were accepted by the 

Society and appear in the 1954 Supplement to 


Book of ASTM Standards, Part 3. 
? 1952 Book of ASTM Standards, Part 2. 


: 
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which will be reported at the Annual 
Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Research (J. J. 
Canfield, chairman) has eight problems 
under investigation. Bibliographies have 
been prepared on two of these: (1) 
the long- and short-term effects of 
porcelain enamel coatings on fatigue of 
metals and (2) spontaneous chipping and 
spalling of porcelain enamel coatings. 
The bibliographies on two other projects 
are almost completed. Work on the re- 
s, view of existing test methods on these 
" four projects is under way. 

Subcommitiee II on Nomenclature 
(E. E. Howe, chairman) is working on a 
review of the Tentative Definition of 
Terms Relating to Porcelain Enamel 
(C 286-51 T) with the view of in- 
creasing the scope and general usefulness 
of the definitions. 

Subcommittee III on Tests and Specifi- 
cations (R. F. Bisbee, chairman): 

Sections 1 and 2 on Raw Materials 
and Materials in Process (W. A. Der- 
inger, chairman) are carrying on the 
development of tentative tests for tor- 
sion, tearing, evaluation of enameling 
iron, coefficient of expansion, consistency 
of enamel slip, fusibility, and the evalu- 

* The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ation of certain characteristics of clays. 
A suggested tentative classification of 
water used in the milling of porcelain 
enamel has been prepared for distribu- 
tion to Subcommittee III members for 
comment. The sections have also under- 
taken a study of methods for the disposal 
of enamel plant wastes. 

Section 3 on Finished Products (J. H. 
Gregory, chairman) is working on nine 
suggested test methods including meth- 
ods for the evaluation of abrasion resist- 
ance, thickness, thermal shock resistance, 
chemical resistance, scratch resistance, 
continuity of coatings, metal marking 


resistance, impact resistance, and color 


and color difference determinations for 
porcelain enamels. 

During the past year Subcommittee 
III has completed two proposed tenta- 
tive methods of test which are included 
in the recommendations of this report. 


This report was submitted to letter 
ballot of the committee, which consists 
of 35 voting members; 30 members re- 
turned their ballots, of whom 29 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 

W. N. Harrison, ’ 

Chairman. 

G. H. SPENCER-STRONG, 

Secretary. 


PAINT, VARNISH, LACQUER, 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held 
two meetings during the year: in At- 
lantic City, N. J., on June 29 to July 1, 
1953, in connection with the 1953 An- 
nual Meeting of the Society; and in 
Washington, D. C., on February 1 to 3, 
1954, in connection with ASTM Group 
Committee Meetings. 

At the June, 1953, meeting, H. C. 
Reed, Forbes Finishes Division, Pitts- 
burgh Plate Glass Co., presented a 
paper on “Technical Responsibility to 
Management in the Paint, Varnish and 
Lacquer Industry.” The paper con- 
sidered not only the responsibilities of 
technical men in the industry but 
also the ways in which standard speci- 
fications and methods of test assist 
management. 

+ At the February, 1954, meeting, 

Roger Saur, General Motors Corp., 
presented a well-illustrated talk on 
“Photochemical Deterioration of Auto- 
mobile Lacquers.” For the June, 1954, 
meeting, a companion paper is planned 
entitled “Photochemical Deterioration 
of Alkyd Enamels” by E. B. Fitzgerald, 
E. I. du Pont de Nemours and Co., 
Inc. 

During the past year, a new Subcom- 
mittee on Methods of Test for Latex 
and Emulsion Paints has been organized 
under the chairmanship of P. T. 
Howard. 

Committee D-1 has continued its 

Close cooperation with the Federation 
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Pid 
AND RELATED PRODUCTS* 


of Paint and Varnish Production Clubs 
through the Joint Committee on Paint, 
Varnish, and Lacquer (F. M. Damitz, 
chairman). In the past year, the follow- 
ing ten ASTM methods have been ap- 
proved by the Standards and Methods 
of Tests Committee of the Federation 
and will be assigned Federation num- 
bers: 


Methods of Chemical Analysis of White Pig- 
ments (D 34-51 T), 

Method of Test for Water in Petroleum Prod- 
ucts and Other Bituminous Materials (D 95 - 


46), 

Methods for Chemical Analysis of Yellow, 
Orange, and Green Pigments Containing 
Lead Chromate, and Chromium Oxide Green 
(D 126-50 T), 

Methods of Test for Specific Gravity of Pig- 
ments (D 153 - 52 T), 

Methods for Chemical Analysis of Blue Pig- 
ments (D 1135-50 T), 

Methods of Test for Coarse Particles in Pig- 
ments, Pastes, and Paints (D 185 — 45), 

Methods of Chemical Analysis of White Linseed 
Oil Paints (D 215 - 41), 

Methods of Chemical Analysis of Zinc Yellow 
Pigment (Zinc Chromate Yellow) (D 444- 
51), 

Methods of Testing Para Red and Toluidine 
Red Pigments (D 970 - 51), and 

Method of Test for Oil Absorption of Pigments 
(D 281 - 31). 


The number of standards which have 
been jointly approved by both organiza- 
tions is now 61. There are ten additional 
ASTM standards and tentatives now 
being considered by the Federation. At 
the same time, two methods which 
originated with the Federation are being 
considered within Committee D-1. Both 
organizations are also continuing to 
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cooperate in the preparation of specifi- 
cations for mineral spirits. 

The Committee on Inter-Committee 
Relations, composed of D-1 representa- 
tives on other ASTM technical com- 
mittees, is continuing to maintain close 
contact with those committees whose 
activities are of interest to Committee 
D-1. In the last year, representatives of 
Committee D-1 have been appointed to 
the new Subcommittee on Microscopy 
of Committee E-1 on Methods of Test- 
ing, to Committee D-21 on Wax Polishes 
and Related Material, and to Com- 
mittee E-11 on Quality Control of Ma- 
terials. 

Since the last report, the American 
Standards Association has approved as 
American Standards the following 
ASTM methods of test developed by 
Committee D-1: 


Methods of Test for: 


Specific Gravity of Pigments (D 153 -52T; 
ASA K41—1953), and 

Mass Color and Tinting Strength of Color 
Pigments (D 387 - 52 T; ASA K57—1953). 


Committee D-1 has submitted seven 
additional standards under its jurisdic- 
tion for approval by ASA as American 
Standards. 

In the past year, Committee D-1 has 
sponsored the publication of two articles 
in the ASTM Bu ttetin as follows: 


“Tinting Strength of Opaque White Pig- 
ments,” by L. A. Melsheimer (October, 1953). 

“Development of a Hiding Power Test 
Method—Report of Progress,’ by M. H. 
Switzer (April, 1954). 


Carlton H. Rose, a long-time member 
of Committee D-1, was given the ASTM 
Award of Merit by the Society at the 
June, 1953, Annual Meeting. 

The election of officers for the en- 
suing term of two years resulted in the 
selection of the following: 

Chairman, W. T. Pearce. 

Vice-Chairman, E. W. Fasig. 

Secretary, W. A. Gloger. 
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RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual 
Meeting, Committee D-1 presented to 
the Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Method of: 

Test for Residual Odor of Lacquer Solvents 
and Diluents (D 1296-53 T), and 

Test for No-Dirt-Retention Time of Traffic 
Paint (D 1297 - 53 T). 

Chemical Analysis of White Pigments (D 1301 - 
53 T). 


These recommendations were ac- 
cepted by the Standards Committee on 
September 9, 1953, and the new methods 
appear in the 1953 Supplement to Book 
of ASTM Standards, Part 4. 


PROPOSED SPECIFICATIONS TO BE 
PUBLISHED AS INFORMATION 


The committee recommends for pub- 
lication as information the Proposed 
Specifications for Raw Safflower Oil as 
appended hereto.! 


NEw TENTATIVES 


The committee recommends for pub- 
lication as tentative the following seven 
methods of test: 


Tentative Methods of: 


Test for Viscosity Reduction Power of Hydro- 
carbon Solvents, as published in 1953 as a pro- 
posed method,? 

Test for Apparent Free Phenols in Synthetic 
Phenolic Resins or Solutions Used for Coating 
Purposes,? 

Test for Acid Number of Bleached Lac and 
Bleached Lac Varnish,’ 

Test for Fineness of Grind of Printing Inks by 
the Production Grindometer,’ 


1This method appears in the January, 1955, 
Compilation on Paint, Varnish, Lacquer, and Re- 
lated Products. 

2 Proceedings, Am. Soc. Testing Mats., Vol. 
53, p. 342 (1953). 

*The new tentatives were accepted by the 


Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 4. 
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Test for Flash Point of Volatile Solvents by 
the Tag Open-Cup Apparatus published as 
information with the 1953 Report of Commit- 
tee D-1,* with Section 7 on Precision revised 
to read as follows: 

7. Precision—For hydrocarbon solvents 
having flash points between 60 and 110 F, 
the repeatability is +2 F, and the repro- 
ducibility is +5 F. 

Test for Phthalic Anhydride Content of Alkyd 
Resins and Esters Containing Other Dibasic 
Acids (Gravimetric)? and 

Test for Phthalic Anhydride Content of Alkyd 
Resins and Esters Containing Other Dibasic 
Acids (Spectrophotometric). 


REVISION OF TENTATIVES 


Committee D-1 recommends revisions 
of the following two methods and their 
continuation as tentative: 

Tentative Method of Test for Kauri- 
Butanol Value of Hydrocarbon Solvents 
(D 1133-50 T)3 

Section 5.—In Paragraph (0), delete 
the last sentence which reads: “The 


. 105 
toluene factor is — 
In Paragraph (c), delete the last 
- gentence which reads: “The blend fac- 
40.0 ,, 

tor 

Section 7.—Change Paragraph (a) 
to read as follows: 


7. (a) Calculate the kauri-butanol value as 
follows: 
65 (C — B) 


Kauri-butanol value = 


+ 40 


where: 

A = milliliters of toluene required to titrate 20 
g of kauri-butanol reagent (Section 5 
(0)), 

B = milliliters of heptane-toluene blend re- 
quired to titrate 20 g of kauri-butanol 
reagent (Section 5 (c)), and 

C = milliliters of sample required to titrate 20 
g of kauri-butano!l reagent (Section 6). 


Tentative Method of Test for Purity 
_ of Acetone and Methyl Ethyl Ketone 
(D1154-51 


* Proceedings, Am. Soc. Testing Mats., Vol. 
p. 344. 
51952 Book of ASTM Standards, Part 4. 
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Section 5.—Change Paragraph (a) to 
read as follows: 


5. (a) Alkaline Silver Reagent.—Dissolve 
9 + 0.01 g of silver nitrate in distilled water; 
dilute to 100 ml and store in a dark bottle. 
Dissolve 9 + 0.01 g of sodium hydroxide in 
distilled water; dilute to 100 ml and store in an 
alkaline resistant bottle. Immediately prior to 
use, prepare the alkaline silver reagent as fol- 
lows: To 1 ml of the sodium hydroxide solution 
in a 10-ml graduated cylinder, add 1 ml of the 
silver nitrate solution. Dropwise add enough 
ammonium hydroxide (sp gr 0.90) to just dis- 
solve the precipitate completely. If necessary, 
dilute with distilled water to exactly 3 ml. 


Section 6.—Add the following Note 
to the end of Paragraph (c): 


Note: Caution.—Decompose all residues and 
excess test solution immediately with excess 
dilute hydrochloric acid to avoid formation of 
unstable silver compounds. Do not stir the 
solution on addition or shake vigorously as 
fulminating silver may explode with violence in 
the liquid in which it is formed if the slightest 
stirring is used. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION _ 

The committee recommends for im- 
mediate adoption the following revision 
of the Standard Methods of Testing 
Drying Oils (D555-53),6 and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revision may 
be referred to letter ballot of the Society: 

Section 53.—Revise Paragraph (c) to 
read as follows: 


(c) Thermometer —An ASTM Low Distillation 
Thermometer graduated in centigrade degrees, 
having a range of 0 to 300 C, and conforming 
to the requirements for thermometer 7C-39 as 
prescribed in the Standard Specifications for 
ASTM Thermometers (ASTM Designation: 
E 1). 


ADOPTION OF TENTATIVES 
AS STANDARD 


Committee D-1 recommends that 
the following tentatives be approved 


*1953 Supplement to Book of ASTM 
Standards, Part 4. 
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for reference to letter ballot of the 

Society for adoption as standard with- 

out change: 

Tentative Specifications for: 

Methanol (Methyl Alcohol) (D 1152-51 T).5 

Tentative Methods of: 

Test for Specific Gravity of Pigments (D 153 - 
52 

Water Immersion Test of Organic Coatings on 
Steel (D 870-51 

Laboratory Test for Degree of Resistance of 
Traffic Paint to Bleeding (D 969-52 T),° 

Test for Viscosity of Paints, Varnishes, and 
Lacquers by Ford Viscosity Cup (D 1200- 
52 

Test for Color of Clear Liquids (Platinum- 
Cobalt Scale) (D 1209 - 52 T),5 

Test for Fineness of Dispersion of Pigment- 
Vehicle Systems (D 1210 — 52 T),5 

Measurement of Wet Film Thickness of Paint, 
Varnish, Lacquer, and Related Products 
(D 1212 - 52 

Test for Crushing Resistance of Glass Spheres 
(D 1213 — 52 T),5 and 

Test for Sieve Analysis of Glass Spheres 
(D 1214-52 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends that the 
Standard Method for Evaluating Re- 
sistance to Blistering of Paints on Metal 
When Subjected to Immersion or Other 
Exposure to Moisture or Liquids 
(D 714-45) be revised as appended 
hereto? and reverted to tentative 
status. The revised method utilizes four 
sets of photographic reference standards 
to rate blistering as to size and fre- 
quency of blisters. 


TENTATIVES CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
following tentatives be continued as 
tentative without revision: 


Tentative Specifications for: 
Heavy Petroleum Spirits (Heavy Mineral 
Spirits) (D 965 - 48 T), 


7 The revised method was accepted by the 
Society and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 4. 


Methyl Isobutyl Ketone (D 1153-51 T), 

Asphalt-Base Emulsions for Use as Protective 
Coatings for Metal (D 1187 - 51 T), 

Tentative Methods of: 

Test for Ester Value of Tricresyl Phosphate — 
(D 268 - 49 T), 

Test for Mass Color and Tinting Strength of 
Color Pigments (D 387 - 52 T), 

Testing Bituminous Emulsions for Use as 
Protective Coatings for Metal (D 1010- 
49 T), and 


Tentative Recommended Practice for: 


Operating Light and Water Exposure Apparatus 
(Carbon-Arc Type) for Testing Paint, Varn- 
ish, Lacquer, and Related Products (D 822 - 
46 T). 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, the re- 
sults of which will be reported at the 
Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Drying Oils (D. 
S. Bolley, chairman) prepared the pro- 
posed revision of the Methods of Test- 
ing Drying Oils (D 555 - 53) to restore 
the use of the original tung oil ther- 
mometer 7C-39 in place of the 
thermometer now specified. The sub- | 
committee also recommended the pub-— 
lication as information only of the 
Proposed Specifications for Raw Saf- — 
flower Oil. Revisions are being prepared 
of the Specifications for Oiticica Oil 
(Permanently Liquid) (D 601-46). 
The subcommittee is also working on 
determination of proper specification 
ranges for break on degummed soybean 
oil and the flash point of vegetable oils 
by the Pensky-Martens cup. 

Subcommittee III on Bituminous 
Emulsions (R. H. Cubberley, chairman) — 
is considering revisions of the Methods 
of Testing Bituminous Emulsions for _ 
Use as Protective Coatings for Metals _ 
(D 1010-49T) in cooperation with a 


8 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Committee D-8 on Bituminous Water- 
proofing and Roofing Materials. 
Subcommittee IV on Traffic Paint (W. 
G. Vannoy, chairman) prepared the 
Tentative Method of Test for No- 
Dirt-Retention Time of Traffic Paint 
(D 1297 — 53 T), which was accepted by 
the Administrative Committee on 
Standards on September 9, 1953. It has 
also prepared a Proposed Tentative 
Method for Determining the Settling 


Storage and is completing a proposed 
method of test for no-smear-time of 
traffic paint. A revision of the Standard 
Method of Test for No-Pick-Up-Time 


of Traffic Paint (D 711-52) is also 
being prepared. 


Subcommittee V on Volatile Solvents 
— for Organic Protective Coatings (M. B. 
Chittick, chairman) prepared the pro- 
posed revision of the Tentative Method 


of Test for Kauri-Butanol Value of 
_ Hydrocarbon Solvents (D 1133 - 50 T) 


and also recommended acceptance as 
tentative of the Proposed Method of 
Test for Viscosity Reduction Power of 
Hydrocarbon Solvents which was pub- 
lished as information only in 1953. 
Subcommittee VII on Accelerated Tests 
for Protective Coatings (H. D. Pharo, 
chairman) has recommended that the 
Tentative Methods of Water Immersion 
Test of Organic Coatings on Steel 
 @ 870 —51T) be adopted as standard. 
It has prepared the proposed revision of 
Standard Method D 714-45, which 
revision includes a change to the shorter 
title of “Method for Evaluating Degree 
of Blistering of Paints.” The subcom- 
mittee has undertaken a program of 
work to determine the effect of type of 
water used in the Tentative Recom- 
mended Practice for Operating Light 
and Water Exposure Apparatus (Car- 
bon-Arc) (D 822-46T). It is also 
working on the selection of suitable 


steel for use for panels. 
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Subcommittee VIII on Methods of 
Chemical Analysis of Paint Materials 
(W. H. Madson, chairman) prepared the 
Tentative Methods of Chemical Analy- 
sis of White Pigments (D 1301 - 53 T), 
which were accepted by the Administra- 
tive Committee on Standards on Sep- 
tember 9, 1953. It is completing work 
on a proposed method for titanium 
dioxide analysis and a proposed revision 
of the Standard Methods of Chemical 
Analysis of Dry Mercuric Oxide 
(D 284-33). It is also undertaking 
revision of the method for the deter- 
mination of nonvolatile content of 
paints and the preparation of a specific 
resistance method for the determination 
of soluble salts of iron oxide pigments. 

Subcommittee IX on Varnish (J. C. 
Weaver, chairman) is continuing its 
cooperative work with Subcommittees 
X and XXV on the development of a 
suitable method for determination of 
gloss of dry transparent films. The sub- 
committee is continuing its work on 
acid value, abrasion resistance, and 
phthalic anhydride analysis. 

Subcommittee X on Optical Properties 
(M. P. Morse, chairman) has active 
working groups engaged in developing 
methods for color difference measure- 
ment with the following instruments: 
Beckman Spectrophotometer, General 
Electric Spectrophotometer, Hunter 
Color Difference Meter, Color Eye, 
Color Master Colorimeter, and Photo- 
volt. The subcommittee is continuing its 
work on hiding power, gloss and gonio- 
photometry, gloss of clear coatings on 
wood, and tinting strength of white 
pigment. 

Subcommittee XI on Resins (C. F. 
Pickett, chairman) prepared the pro- 
posed Tentative Method of Test for 
Apparent Free Phenols in Synthetic 
Phenolic Resins or Solutions Used for 
Coating Purposes, and also the two 
proposed Tentative Methods of Test 
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for Phthalic Anhydride Content of 
Alkyd Resins and Esters Containing 
Other Dibasic Acids. The subcom- 
mittee is evaluating the foil method for 
determination of total solids of several 
types of resins and is continuing a 
round-robin on softening point of resins. 
Work on color formation when glycerine 
reacts with phthalic anhydride is con- 
tinuing. The subcommittee has _ re- 
viewed its accomplishments and re- 
aligned its objectives for future work in 
keeping with the present status and 
interests of the resin field. 
Subcommittee XII on Methods of Test 
for Latex and Emulsion Paints (P. T. 
Howard, chairman) held its first meet- 
ing for the purpose of organizing its 
work and established working groups to 
study washability or  scrubability, 
freeze-thaw stability, efflorescence, pack- 
age stability, and other special methods 
for exterior emulsion paints. 
Subcommittee XIII on Shellac (C. C. 
Hartman, chairman) prepared the pro- 
posed Tentative Method of Test for 
Acid Number of Bleached Lac and 
Bleached Lac Varnish. The subcom- 
mittee has continued its cooperative 
work with the International Organiza- 
tion for Standardization, Technical 
Committee 50 on Lac. It plans to de- 
velop a method for the determination of 
nonvolatile matter of lac resins soluble 
in alcohol, to revise the Specifications 
for Dry Bleached Shellac (D 207 - 49), 
to revise the Specifications for Orange 
Shellac and Other Lacs (D 237 — 48), and 
to develop a new method for determina- 
tion of the color of lac resins. 
Subcommiltlee XV on Specifications 
for Pigments Dry and in Oil (C. L. 
Crockett, chairman) is undertaking 
further work on the requirements for 
leafing properties of aluminum powder, 
on a method for evaluating the floccula- 
tion resistance and solvent stability of 
copper phthalocyanine blue pigments, 
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and on the particle size characteristics 
of pigments. It has also organized a new 


group to produce numerical values for _ 


hues and shades of color. 

Subcommittee XVI on Printing Inks 
(M. C. Rogers, chairman) prepared the 
proposed Tentative Method of Test for 
Fineness of Grind of Printing Inks by 
the Production Grindometer. The sub- 


committee is continuing its work on the — 


evaluation of printing inks for print- 


ability and on the rheological properties _ 


of inks. 


Subcommittee XVII on Flash Point 


(A. L. Brown, chairman) has recom- 
mended publication as tentative of the 
Method of Test for Flash Point of 


Volatile Solvents by the Tag Open-Cup © 


Apparatus as revised.‘ It will continue 


working towards obtaining greater pre- _ 


cision in the method. 
Subcommittee XVIII on Physical 
Properties of Materials (E. J. Dunn, 


Jr., chairman) is working on the relative _ 


oil absorption of pigments, the con- 
sistency of pastes, the hardness of or- 
ganic coating films, water 


erties, the measurement of film thick- 


ness on nonmagnetic bases, and the © 


consistency of paints. It has organized 
a new group to work on developing a 
method for determining the density of 
paint materials. 


Subcommittee XXV on Cellulosic Coat- — 


ings and Related Materials (F. H. Lang, 


chairman) prepared the proposed re- 


vision of the Methods of Test for 


Purity of Acetone and Methyl Ethyl | 


Ketone (D 1154-51T). The subcom- 


vapor 
permeability, fire retardancy, flow prop- _ 


mittee also prepared the Tentative 


Method of Test for Residual Odor of 
Lacquer Solvents and 


the Administrative Committee on 
Standards on September 9, 1953. It also 
prepared a proposed Tentative Method 


of Test for Effect of Household Staining = 7 


Diluents 
(D 1296 - 53 T), which was accepted by | 
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Agents on Applied Nitrocellulose Clear 
and Pigmented Finishes which is being 
considered by the Administrative Com- 
mittee on Standards. The subcommittee 
is continuing its work on the develop- 
ment of a test for failure of lacquer 
finishes on wood by checking due to 
_ moisture changes in the wood, and has 

organized a new group to develop a test 

for resistance of lacquers to perspira- 

tion. 

Subcommittee XXIX on Painting of 
Metals (A. J. Eickhoff, chairman) is 
_ working on a method for the preparation 
of aluminum surfaces for painting, on a 
method of classifying ferrous surfaces 


the designation D 1353 - 54 T. 


fete gh | 


REPORT OF CoMMITTEE 


Subsequent to the Annual Meeting, Committee D-1 presented to the Society through _ 
the Administrative Committee on Standards the Tentative Method of Test for Non- 7 
Volatile Matter of Lacquer Solvents and Diluents. The method was accepted by the } 
Standards Committee on December 22, 1954, and it appears in the January, 1955, 

c Compilation of ASTM Standards on Paint, Varnish, and Related Products, bearing 


for painting, and on a method for the 
preparation of magnesium surfaces for 
painting. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 352 voting members; 173 
members returned their ballot, of whom 
159 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 
W. T. Pearce, 
Chairman. 
W. A. GLOGER, = 
Secretary. 
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The following recommendations of the 
subordinate groups of Committee D-2 
on Petroleum Products and Lubricants 
have been approved by Committee 
D-2, in accordance with the regulations 
of the Society, and are presented here- 
with. 


PROPOSED METHODS TO BE PUBLISHED 
AS INFORMATION 


Committee D-2 recommends that the 
following four proposed methods be 
published as information only, as ap- 
pended to this report: 

Test for Filterability of Jet Fuel. 

Test for Mercaptan Sulfur in Jet Fuels (Poten- 
tiometric Titration Method). 

Test for Individual Hydrocarbons in a C, Frac- 
tion by Infrared Spectrophotometry. 

Test for Emulsion Characteristics of Steam- 

Turbine Oils. 


PROPOSED ‘REVISIONS PUBLISHED 
AS INFORMATION 


Committee D-2 recommends the 
following revisions of three tentative 
methods for publication as information 
only as appended to this report or as 
indicated below: 


D 270 - 53 T,? Sampling Petroleum and 
Petroleum Products. The following 
revisions are under consideration by 
the committee and comments are 
solicited: 

* Presented at the Fifty-seventh Annual 

Meeting of the Society, June 13-18, 1954. 

1 These proposed methods appear in the No- 
vember, 1954, Compilation of ASTM Standards 
on Petroleum Products and Lubricants. 


2 1953 Supplement to Book of ASTM Stand- 
ards, Part 5. 
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Section 6(d).—Change to read as follows: 

“(d) Package Lots (Cans, Drums, Barrels or 
Boxes).—Samples shall be taken from a suffi- 
cient number of the individual packages which 
may be used to prepare a composite sample 
and which will be representative of the entire 
lot or shipment. The individual packages to be — 
sampled shal] be selected at random. The 
number of such random packages will depend 
upon several practical considerations such as: 

(1) The tightness of the product specifi- 
cations. 

(2) The source and type of the material, 
and whether or not more than one production 
batch may be represented in the lot. 

(3) Previous experience with similar ship- 
ments, particularly with respect to the uni- 
formity of quality from package to package. 
In most cases, the number specified in Table 

III will be satisfactory. During filling operations 
the first several packages usually are the most 
critical. Separate spot samples of these packages 
may be required in addition to the composite 
sample of the entire lot. 

Table II1I.—Change to read as shown in the | 
accompanying Table I. 

Section 7.—Reletter as Paragraph (a) and 
add Paragraphs (6) and (c) as follows: 

“(b) When sampling volatile products, the _ 
sampling apparatus shall be filled and allowed 
to drain before drawing the sample. If the sample 
is to be transferred to another container, this 
container shall also be rinsed with some of the 
volatile product and then drained. When the 
actual sample is emptied into this container, — 
the sampling apparatus should be up-ended 
into the opening of the sample container and 
remain in this position until the contents have 
been transferred so that no unsaturated air 
will be entrained in the transfer of the sample.” 

“(c) When sampling other than volatile 
liquid products (2 Ib RVP or less), the sampling 
apparatus shall be filled and allowed to drain 
before drawing the actual sample. If the actual 
sample is to be transferred to another container, 
the sample container shall be rinsed with some — 
of the product to be sampled and drained before 
it is filled with the actual sample.” 


| 


TABLE I.—MINIMUM NUMBER OF PACKAGES TO BE SELECTED 
FOR SAMPLING. 
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" No. of Packages Total No. of No. of Packages Total No. of No. of Packages 

mL, in ¢., to be Sampled Packages in Lot to be Sampled Packages in Lot to be Sampled 
12 | 4014 to 5832............... 18 


D 1086 - 52 T,? Measuring Temperature 
of Petroleum and Petroleum Products, 
proposed revisions as appended 
hereto.‘ 

D 1160 - 52 T,* Reduced Pressure Dis- 
tillation of Petroleum Products, in- 
formation concerning this method as 
appended hereto.° 


Committee D-2 recommends that the 
following seven methods of test be 
accepted for publication as tentative, 
as appended hereto® or as otherwise 
indicated: 


New TENTATIVES 


Tentative Methods of Test for: 


Tensile Strength of Paraffin Wax, revision as 
appended hereto’ of method published as 
Appendix VII to the 1952 Report of Commit- 
tee D-2. 

Needle Penetration of Petroleum Waxes. 

Smoke Point of Jet Fuel. 

Mercaptan Sulfur in Jet Fuel (Amperometric 
Method). 

Hydrocarbon Types in Liquid Petroleum Prod- 
ucts by Fluorescent-Indicator Adsorption 
(FIA) Method. 

Sodium in Residual Fuels by Flame Photom- 
eter. 

Chlorine in Lubricating Oils (Sodium Alco- 
holate Volumetric Method), as published as 


31952 Book of ASTM Standards, Part 5. 

4See p. 411. 

5 See p. 41€. 

* The new tentatives were accepted by the 
Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 5. 

™The revised method was accepted by the 
Society and appears in the 1954 Supplement 
to Book of ASTM Standards, Part 5. 


information in 1953, in Appendix II to the 
1953 Report of Committee D-2.8 


REVISION OF TENTATIVES 


Committee D-2 recommends the 
revision of the following six tentatives as 
indicated: 


D 130 - 50 T,* Free and Corrosive Sulfur 
in Petroleum Products (Copper Strip 
Test), revised as appended hereto.’ 


D 381-52 T,> Existent Gum in Fuels 
by Jet Evaporation, revise as follows: 


Note 1.—Revise to read: 

“Note 1.—If the motor gasoline contains dis- 
solved non-volatile additives, such material 
may be obtained as a residue along with the 
gum. Such residues may be extracted with nor- 
mal pentane as described in the Appendix to 
determine the ‘Solvent Washed’ gum residue.” 

Section 8(d).—Change the last four sentences 
to read as follows: “Maintain the temperatures 
and rate of flow, and allow the fuel to evaporate 
for 30 min. Samples tested simultaneously 
should have equal evaporation characteristics.” 

Section 8(e).—Revise as follows: 

“(e) At the end of the heating period, remove 
the beakers from the bath and visually examine 
the residues. Oily, greasy, or waxy appearance 
generally denotes the presence of additive 
material. Such residues are subject to supple- 
mentary processing for obtaining solvent washed 
gum residue as described in the Appendix. 
Place the beakers in the cooling vessel in the 
vicinity of the balance for at least 2 hr. Weigh 
the beakers (Note 3) in the same manner as in 
Paragraph (c), repeating the weighings until 
consecutive weights agree within 0.1 mg. If a 


8 Proceedings, Am. Soc. Testing Mats., Vol. 
53, p. 369 (1953). 
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single-pan type balance is used, correct the 
weights for any change in weight of the tare 
(blank) beaker. 

Note 3.—Add a new Note 3 to read as fol- 
lows: 

“Note 3.—The beakers containing additive 
material need not be weighed before processing 
unless the weight of the additive material is 
desired.” 

A ppendix.—Add as an Appendix a procedure 
for obtaining gum in gasoline containing non- 
volatile residue, as appended hereto.’ 


D 974 - 53 T,? Neutralization Value 
(Acid and Base Numbers) by Color 
Indicator Titration, revise as follows: 


Note 6.—Add a new Note 6 following Note 
5 to read as follows, renumbering subsequent 
notes and references thereto in the text accord- 
ingly: 

“Note 6.—When samples are visibly free 
from sediment, the heating procedure described 
in Paragraph (5) may be omitted.” 


D 1016 — 52 T,* Determination of Purity 
from Freezing Points, revise as fol- 
lows: 


Section 12.—Add the following new section 
on n-octane, and renumber the subsequent sec- 
tions accordingly: 

“12. n-Octane.—(a) The freezing point is 
determined from freezing curves, with the cage 
stirrer, with a cooling bath of carbon dioxide 
refrigerant at a cooling rate of 0.3 to 0.8 C per 
min for the liquid near the freezing point, and 
with crystallization induced immediately below 
the freezing point by means of a cold rod. 

(6) Obtain a sample of 50 ml (measured at 
room temperature) directly from its original 
container by means of a pipete or by pouring 
into a graduated cylinder. 

(c) For n-octane, the freezing point for zero 
impurity, in air at 1 atmosphere, is: 


4, = —56.795 + 0.010 C 


and the cryoscopic constants are: 

A = 0.05329 mole fraction per degree, 

B = 0.0031 mole fraction per degree. 

(d) The cryoscopic constants given in Para- 
graph (c) are applicable to samples of n-octane 
having a purity of about 95 mole per cent or 
better, with the usual impurities and with no 
impurity present in an amount which exceeds 
the composition of its eutectic with the major 
component. 
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(e) The estimated uncertainty in the cal- i 
culated value of the purity is as follows: 7 


Calculated Uncertainty, 
Purity, mole plus or minus, : 
per cent mole per cent 

0.05 
0.06 
0.08 
0.10 
0.12” 


Section 5.—Change the reference to Section 
“23” to read “24.” 


D 1086 — 52 Measuring the Tempera- 
ture of Petroleum and Petroleum — 
Products, revise as follows: 


Section 4(e).—In the first sentence change ~ 
“thermometer well” to read “installed in a stand- 
ard metal separable well or socket in the tank.” 
Section 4(f).—In the first sentence change ‘ 
“thermometer well” to read “installed in a stand- 
ard metal separable well or socket in the tank.” 
Section 4(g).—In the first sentence change 
“thermometer well’ to read “installed in a stand- 
ard metal separable well or socket in the tank.” 
In the second sentence change “2.5” to _ 
read “sensitive portion not more than 6in. Jong.” _ 
Section 7(a).—Change second sentence to 
read as follows: : 
“Therefore, such measurements are normally - 
taken with thermometers in appropriate wells : 
or separable sockets suitably located.” 


D 1091 - 50 T,? Phosphorus in Lubricat- 
ing Oils, Lubricating Oil Additives, 
and Their Concentrates, revise as 
follows: 


New Section—Add a new Section 23, to — 
read as follows: 

“23. Precision —The following data should 
be used for judging the acceptability of results _ 
(95 per cent probability) : 

“(a) Duplicate results by the same operator — 
should be considered suspect if they differ by 
more than the amounts corresponding to the 
phosphorus contents on the accompanying 
Figs. 1 and 2, as follows: 


REPEATABILITY 
Photometric Gravimetric 
See Fig. 1 See Fig. 2 


“(b) The results submitted by each of two 
laboratories should be considered suspect if 
they differ by more than the amounts cor- 
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responding to the phosphorus contents on the 
accompanying Figs. 3 and 4, as follows: 


REPRODUCIBILITY 
Photometric Gravimetric 
See Fig. 3 See Fig. 4” 


A ppendix.—Delete the Appendix. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


Committee D-2 recommends that 
_ the Standard Method of Test for Dis- 
tillation of Crude Petroleum (D 285 — 52) 
be reverted to tentative and extensively 
revised as appended hereto.’ 


ADOPTION OF TENTATIVES 
AS STANDARDS 


Committee D-2 has reviewed the 
- following eight tentatives which have 
_ stood one or more years without revision, 

and which represent best present-day 
practices, and recommends that they 
be approved for reference to letter ballot 
_of the Society for adoption as standard: 


Tentative Methods of Test for: 


3 

‘D 665 - 53 T,? Rust-Preventing Characteristics 

of Steam-Turbine Oil in the Presence of Water, 

D 943-53T,2 Oxidation Characteristics of 

_ Inhibited Steam-Turbine Oils, 

1095-50 T,? Analysis of 60 Octane Number 

Isooctane-Normal Heptane ASTM Knock 

Test Reference Fuel Blends by Infrared 

Spectrophotometry, 

1096-50 T, 1-3, Butadiene in C, Hydro- 
carbon Mixtures by Ultraviolet Spectro- 

photometry, 

D1187- 51 Total Inhibitor Content (p- 
Tertiary-Butylcatechol) of Butadiene, re- 

_ vised as appended hereto,’ 

D 1215-52T,3 Definition and Specifications 

7 for Farm Tractor Fuels, 

1217-52 T,3 Density and Specific Gravity 
of Liquids by Bingham Pycnometer, 

D 1298 — 53 T,? Specific Gravity of Petroleum 

and Its Products (Hydrometer Method). 

(This method and Method D 287-53 T are 

intended to replace Standard Method D 287 - 

52). 
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REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


Committee D-2 recommends the 
immediate adoption of revisions of six 
standards as indicated below, and re- 
quests the necessary nine-tenths affirma- 
tive vote at the Annual Meeting so that 
these revisions may be referred to So- 
ciety letter ballot: 


D 86-53,? Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Pe- 
troleum Products, revise as follows: 


Section 2(a).—In the table change the pres- 
ent values corresponding to the last item 
Thickness of Vapor Tube Wall, under Per- 
missible Variations to “+0.015 cm” and 
“*+0.006 in.”, respectively. 

Section 2(c).—Delete and substitute wording 
as follows: 

“(c) Shield—Two types of shields can be 
used, as follows: 

“Type 1 Shield.—A shield (Fig. 2) 19 in. 
high, 11 in. long and 8 in. wide, made of sheet 
metal approximately No. 22 gage, with a door 
on one narrow side, two openings 1 in. in diam- 
eter equally spaced in each of the two narrow 
sides, and with a slot cut in one side for the vapor 
tube. The centers of these four openings shall 
be 844 in. below the top of the shield. There 
shall be three 4-in. holes in each of the four 
sides with their centers 1 in. above the base of 
the shield.” 

“Type 2 Shield——A shield 1734 in. high, 8 
in. long and 8 in. wide, made of sheet metal of 
approximately No. 22 gage, with window on 
front side. Open bottom of shield spaced ap- 
proximately 2 in. from base of unit. Rear of 
shield to have eliptical hole for vapor tube. A 
flask adjusting knob located on the front of the 
shield for adjusting the flask support. Also 
heat adjusting indicating dial to provide step- 
less heat control when electric heater is used. 
All mechanism built into bottom portion of 
shield.” 

Section 2(d).—Delete, and substitute word- 
ing as follows: 

“(d) Flask Support and Ceramic or Asbestos 
Boards.—A ring support of the ordinary labora- 
tory type, 4 in. or larger in diameter, supported 
on a stand inside the shield, or a flask support 
platform that is adjustable from the outside 
of the shield may be used. Two ceramic or 
hard asbestos boards, the first having a hole 
134-in.* in diameter in the center, and the thick- 
ness of the board at the 144-in. diameter open- 
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ing shall be 4 to 4 in.; the second board to fit 
tightly inside the shield with an opening 3 to 
4 in. in diameter, concentric with the flask 
support. These shall be arranged as follows: 
The second board shall be placed on the sup- 
port, and the first or smaller board on top so 
it may be moved in accordance with the direc- 
tions for placing the distillation flask. Direct 
heat shall be applied to the flask only through the 
114-in. diameter opening in the first board.” 

Section 2(f).—Delete, and substitute wording 
as follows: 

“(f) Electric Heater.—An electric heater may 
be used instead of a gas burner and shall be 
capable of bringing over the first drop within 
the time specified in Section 4(a) when started 
cold, and of continuing the distillation at a 
uniform rate. (A heater unit of low-heat capac- 
ity, adjustable from 0 to 750 w, has been found 
satisfactory). The electric heater shall be fitted 
with a ceramic or hard asbestos board top hav- 
ing a hole 1)4 in.* in diameter in the center, and 
the thickness of the board at the 114-in. diam- 
eter opening shall be }¢ to 4 in. When an elec- 
tric heater is employed, the portion of the shield 
above the board shall be the same as with the 
gas burner, but the part below the board may be 
omitted.” 

Footnote 3.—Revise this footnote by sub- 
stituting the wording “... hole in the asbestos 
or ceramic board...” for the wording “... 
hole in the asbestos board . . .” 


D 158 — 53,? Distillation of Gas Oil and 
Similar Distillate Fuel Oils, revise as 
follows: 


Section 2(a).—Change the present permis- 
sible variations as given above under Section 2 
(a) of Method D 86. 

Section 2(c).—Change the requirements for 
the shields as given above under Section 2(c) 
of Method D 8&6, except in place of the refer- 
ence to Fig. 2 add Footnote 3. 

Section 2(d).—Change the requirements for 
the flask support and ceramic or asbestos boards 
as given above under Section 2(d) of Method 
D 86, except to require that the hole in the as- 
bestos board be 234 in. in diameter, and delete 
the footnote. 

Section 2(f).—Change the requirements for 
the electric heater as given above under Section 
2(f) of Method D 86, except require that the 
hole in the asbestos board be of 234 in. in di- 
ameter, and delete the footnote. 


D 216-53,? Distillation of Natural 
Gasoline, revise as follows: 
Section 2(a).—Change the present permis- 
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sible variations as given above under Section _ 


2(a) of Method D 86. 
Section 2(c) -—Change the requirements for 


the shield as given above under Section 2c) 


of Method D 86. 


Section 2(d).—Change the requirements for — 
the flask support and ceramic or asbestos boards _ 


as given above under Section 2(d) of Method 
D 86. 

Section 2(f).—Change the requirements for 
the electric heater as given above under Section 
2(f) of Method D 86, except to refer to Section 
5(a) for the time specified. 


D 287 - 52,3 Gravity of Petroleum and 
Its Products by Hydrometer, replace 
this method by adoption as standard 
of the Tentative Method D 287 - 53 T, 
Test for API Gravity of Petroleum 
and Its Products 
Method) 2 


D 664 - 52, Neutralization Value (Acid | 


and Base Numbers) by Potentio- 
metric Titration. 


Note 7.—Add a new Note 7 following Note 


6, renumbering subsequent notes accordingly, — 
to read as follows: 

“Notre 7.—When samples are visibly free 
from sediment, the heating procedures de- 
scribed in Paragraph 8(b) may be omitted.” 


D 939 — 52,’ Saponification Number of 
Petroleum Products by Potentio- 
metric Titration, this method has 
been completely revised as appended 


hereto.? These revisions are mostly 


editorial in nature 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Committee D-2 has reviewed the 
following sixteen tentatives which have 
stood for two years without revision, 
and, for good and sufficient reasons, dis- 
cussed within its subordinate groups, 
recommends that they be continued as 
tentatives without revision: 

D 94-52 T, Saponification Number of Petro- 
leum Products by Color-Indication Titration, 
D 96-52 T, Water and Sediment by Means of 

Centrifuge, 

D 447 - 52 T, Distillation of Plant Spray Oils, 


(Hydrometer 


- 
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D 483-52 T, Unsulfonated Residue of Petro- 
leum Plant Spray Oils, 
D 524-52T, Carbon Residue of Petroleum 
Products (Ramsbottom Coking Method), 
D 613 - 48 T, Ignition Quality of Diesel Fuels 
by the Cetane Method, 

D 614-49T, Knock Characteristics of Avia- 
tion Fuels by the Aviation Method, 

D 808 - 52 T, Chlorine in Lubricating Oils and 
Greases by the Bomb Method, 

D 893-52T, Normal Pentane and Benzene 
Insolubles in Used Lubricating Oils, 

D 909-49 T, Knock Characteristics of Avia- 
tion Fuels by the Supercharge Method, 

D 1085-52 T, Gaging Petroleum and Petro- 
leum Products, 

D 1158-52 T, Bromine Number of Petroleum 
Distillates (Color-Indicator Method), 

D 1159-52 T, Bromine Number of Petroleum 
Distillates (Electrometric Method), 

D 1160-52 T, Reduced Pressure Distillation 
of Petroleum Products, 

D 1218-52 T, Refractive Index and Refrac- 
tive Dispersion of Hydrocarbon Liquids, and 

D 1219-52 T, Mercaptan Sulfur in Jet Fuels 

_ (Color-Indicator Method). 


AMERICAN STANDARDS 

Committee D-2 recommends the fol- 
lowing for action by ASA Sectional 
Committee Z11 on Petroleum Products 
and Lubricants: 


Approval as American Standard: 


Test for Specific Gravity of Petroleum and Its 
Products (Hydrometer Method) (D 1298 - 
53 T), if adopted as ASTM Standard. 

Reapproval of Revised American Standards: 


_ Test for Gravity of Petroleum and Its Products 
by Hydrometer (D 287; Z11.31—1952), as 
revised in this report. 


Part 5, and in the November, 1 
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vision of the Tentative Specifications for Gasoline (D 439-53 T). This recommen- 
dation was accepted by the Standards Committee on September 28, 1954, and the 
revised specifications appear in the 1954 Supplement to Book of ASTM Standards, 
954, Compilation of ASTM Sta 


Test for Distillation of Gasoline, Naphtha, 
Kerosine, and Similar Petroleum Products 
(D 86; Z11.10—1953), as revised in this 
report. 

Test for Distillation of Gas Oil and Similar 
Distillate Fuel Oils (D 158; Z11.26—1953), 
as revised in this report. 

Test for Distillation of Natural Gasoline (D 
216; Z11.11—1953), as revised in this report. 

Test for Neutralization Value (Acid and Base 
Numbers) by Potentiometric Titration (D 
664; Z11.59—1952), as revised in this report. 

Test for Saponification Number of Petroleum 
Products by Potentiometric Titration (D 
939; Z11.67—1952), as revised in this report. 

Test for Distillation of Crude Petroleum (D 
285; Z11.32—1952), as revised in this report. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 118 voting members; 75 mem- 
bers returned their ballots, of whom 61 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 


the committee, 
O. L. Maas, 
Chairman. 


W. T. Gunn, 
Secretary. 
® The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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APPENDIX I 


PROPOSED REVISION OF TENTATIVE METHOD OF MEAS- 
URING TEMPERATURE OF PETROLEUM AND 
PETROLEUM PRODUCTS (D 1086-52 T) 


Note 
The following changes in Method D 1086 are under 
consideration by Committee D-2 on Petroleum Products 
and Lubricants, and are published here as information 
only. 
Section 4 (h).—Revise to read as follows: a 
(h) Electrical Resist Thermometers.—Electrical resistance thermometers 


may be used for the determination of either spot or average temperatures, 
provided that the installation conforms with the minimum specifications for 
the design, installation and accuracy of such devices as described in the 
Appendix. 


Appendiz.—Add the following information on electrical resistance 
thermometers as an Appendix to the method: 


{ 
‘ APPENDIX 


ELEcTRICAL RESISTANCE THERMOMETERS 


Basic Principle 

( Al. The electrical resistance thermometer operates on the basic principle 
that metals change their electrical resistance with changes in temperature. 
Since the temperature coefficients of resistance of certain metals are uniform, 
they may readily be used to measure temperature. 


Description 

A2. A resistance thermometer consists of one or more wire resistors or bulbs 
and a meter assembly for the indication of temperature. Either spot or averag- 
ing resistance bulbs may be used, depending upon the type of temperature 
desired. The meter assembly consists of a resistance network based upon the 
Wheatstone bridge principle, a voltage supply, and a galvanometer calibrated 
in degrees of Fahrenheit temperature. A typical circuit is shown in Fig. A-1. A 
ratio-type meter, or its equivalent, may be used in the circuit. The ratio-type 
meter is a modification of the conventional Wheatstone bridge network and 
is designed to eliminate errors caused by variations in voltage. If a standard 
bridge circuit is used, means must be provided for control of the voltage. The 
galvanometer or meter scale should be graduated in single Fahrenheit degrees 
over the range required and it shall be calibrated for the type of wire used 
in the resistance units. The meter may be located at the top of the tank, at 
ground level, or at any convenient location for remote reading. 
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Resistance Bulb for Spot Temperatures 


A3. The spot type of resistance bulb consists of a wire resistance unit suit- 
ably housed and provided with leads. The housing shall be of both corrosion- 
resistant and non-sparking material with leads sealed against contamination 
of conductors or connections. The individual bulb shall be installed through 
the tank shell at the required level through conventional separable sockets. 
If a given tank is equipped with more than one resistor bulb in order that spot 
temperatures may be determined at different points in the tank, a multi-point 
selector switch shall be used to connect the desired resistor to the meter. Should 
one meter located at a central, point be used to determine the temperature 
from single resistor bulbs in a number of different tanks, a selector switch shall 
be used to connect the desired resistor to the meter. 


Portable Unit for Spot Temperature Determination 


A4. A portable unit can be assembled by housing the meter assembly and 
batteries in a convenient carrying case. A spot type of resistance bulb is at- 
tached to a flexible three-conductor cable of sufficient length to lower it through 
the gaging hatch to any desired level. 


Resistance Bulb for Average Temperatures 


A5. (a) In the averaging type, the resistance bulb (Fig. A-2) consists of an 
assembly of insulated resistance units of various lengths, each being of equal 
resistance, evenly distributed over its entire length. The units are assembled in 
cable form and inserted in a flexible hose or thin-walled pipe to form 
the ‘“‘bulb.”” The flexible hose or pipe shall be made of corrosion-resistant and 
spark-proof material. The insulation used to cover the individual resistance 
units must be capable of withstanding the maximum temperature to which it 
may be subjected. The number of individual resistance units which make up 
the ‘‘bulb’”’ will depend upon the height of the tank, but in all cases the entire 
working range of the tank shall be covered. In tanks where a closing gage of 3 ft 
or less is sometimes necessary, the bulb shall be equipped with a ‘‘spot”’ reading 
resistor at the 2-ft. level. The non-merchantable oil level shall be maintained at 
least 1 ft below the “‘spot’’ reading resistor. 

(b) Installation on Conventional Tanks.—The flexible hose or the pipe con- 
taining the bundle of resistors shall be suspended vertically in the tank by 
passing it through a flange in the tank roof located not less than 18 in. from the 
shell of the tank (see Fig. A-3). 

(c) Installation on Floating Roof Tanks.—For a floating roof tank installa- 
tion, the flexible hose shall be suspended vertically from an angle bracket 
located on top of the tank shell and shall pass through the gaging hatch or other 
opening on the floating roof at least 18 in. from the tank shell (see Fig. A-3). 
The angle bracket should be installed high enough to prevent damage by the 
floating roof in case of overfilling. 

(d) Selector Switch.—A multipoint selector switch shall be used to permit 
the separate connection to the meter of each resistor contained in the averaging 
bulb. The switch dial shall be marked to indicate the range of oil level served by 
the respective point for each resistor. For installations in floating roof tanks, 
the switch dial marking shall be corrected for the depth of oil in the roof gaging 
pipe, because the oil contained in the pipe may be several degrees different 
from the temperature of the main body of oil in the tank. In other words, the 
bundle or bulb is not to be energized within the roof level. In operating the 
assembly, it is only necessary to turn the selector switch to the setting which 
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corresponds to the longest completely submerged resistor. When the current 
is applied, the average temperature is indicated immediately on the meter 
scale. 


Certification for Accuracy 


A6. Electrical-resistance thermometers of either the spot or averaging type 
shall be accurate to +1.0 F. Such installations shall be checked for accuracy 
immediately after the installation is completed, at least at annual intervals 
thereafter, and, in addition, at any time that the reading appears to be in- 
accurate for any reason. The installation shall be checked by comparing the 
reading shown on the meter with that shown by a cup or flushing case thermom- 
eter of known accuracy. In checking the spot type, the cup case shall be lowered 
to the same point as the spot bulb and the same distance from the tank shell. 
For the averaging type, the cup case shall be lowered through the roof the same 
distance from the shell and a sufficient number of temperature readings at 
various levels shall be carefully obtained, the average of which shall be used 
to compare with the temperature shown on the meter of the averaging ther- 
mometer at the same depth of oil in the tank. Should the electrical resistance 
type fail to agree within 1 F. of the average of the cup case determinations, the 
meter assembly should be checked by comparing the meter reading with that 
shown when a standard resistor is substituted for the resistor bulb connected 
to the meter. A slow response on the meter indicator denotes low operating volt- 
age. An “‘off scale’’ reading on the upper end of the scale denotes an open circuit 
in a resistance unit or at the terminals or leads. An “‘off scale’ reading on the 
lower end of the scale usuaJly denotes a short circuit in a resistance unit or in 
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INFORMATION CONCERNING THE TENTATIVE METHOD OF TEST 


FOR REDUCED PRESSURE DISTILLATION OF PETROLEUM 
PRODUCTS (D 1160-52 T) 


Refer to Section 3 on Apparatus and 


- Section Al on Distillation Apparatus 


Assembly of the Tentative Method of 
Test for Reduced Pressure Distillation 
of Petroleum Products (ASTM Desig- 


3 nation: D 1160 - 52 T). 


Section E of Research Division VIII 


of Committee D-2 has conducted coop- 


erative studies of the Tentative Method 


_ for Reduced Pressure Distillation in an 


effort to improve the precision of the 
test by revision of the apparatus. One 
proposed modification included the re- 
placement of the asbestos-covered 


column and the condensers with a 


vacuum-jacketed single unit 1 as shown 
in Fig. 1.1 Actually the vacuum-jacketed 
column was extended to include part of 
the neck of the present flask. A quartz- 
fiber heating mantle’ for the flask was 
used in conjunction with the new column. 

Although the apparatus modification 
did not result in any material improve- 
ment of the precision of the method, the 
equivalence of the data obtained in the 
cooperative studies indicated that the 
new arrangement might be used alterna- 
tively with the equipment specified in 


1 The column assembly may be obtained from 


- the Glass Engineering Laboratories (Attn: Mr. 
_ Robert Davis), 6309 S. Broadway, Los Angeles 


3, Calif., by specifying the “C. F. Braun and 
Co. Vacuum-Jacketed Distillation Head for 
ASTM Method D 1160.” 

2 The heating assembly may be obtained from 


- the Glas-Col Apparatus Co. (Attn: Dr. G. H 


Morey), 711 Hulman St., Terre Haute, Ind., 
by specifying “‘Special Quartz Heating Mantle, 
catalog No. SO-2-16-53-B, and Insulating Top, 
catalog No. SO-2-16-53-T’’; both for 500-ml 
flask. 


the Method D 1160-52 T. Since some 
cooperators feel that certain conveniences 
are obtained from the use of the vacuum- 
jacketed column and the flask heating 
mantle, pertinent information is sup- 
plied herewith to permit other labo- 
ratories to try the suggested design. 
Distillation data on three samples were 
obtained at several pressure levels, by 
use of both the regular equipment and 
the vacuum-jacketed equipment. A tabu- 
lation of the precision of these data com- 
pared with the acceptability limits speci- 
fied in Method D 1160-52 T is shown: 
Repeatability.—Duplicate results by 
the same operator should not differ 
by more than the following amounts: 


Pressure 
Using Usin; Limits 
Range, mm | Standard | Modified | Method 
absolute’ Equipment | Equipment | 1160-52 T 
17F 6F 10F 
7F 8F 8F 
10F 8F 10F 


Reproducibility.—The averages of dup- 
licate results obtained in different 
laboratories should not differ by 
more than the following amounts: 


Pressure 
Usin, U Limits f 
absolute Equipment | Equipment | 1160-52 T 
24F 31F 20F 
25F 29F 15F 
25 F 55 F 20F 


The noticeably poorer reproducibility 
obtained in this study was attributed to 
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the fact that the slopes of the distillation _ nificantly greater than that of any sample : : 
curves of two of the samples were sig- _ previously studied. _ 
To 
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Committee D-3 on Gaseous Fuels and 
its seven subcommittees held a joint 
meeting in Atlantic City, N. J., on 
June 30, 1953. Individual meetings of 
four of its subcommittees were held the 
previous day. Two additional subcom- 
_ mittee meetings were held in Washing- 

ton, D. C., on February 1, 1954. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 
Chairman, L. T. Bissey. 
Vice-Chairman, F. E. Vandaveer. 
Secretary, K. R. Knapp. ae 
Advisory Committee: S. W. Burdick, 


A.W. Gauger, G. C. Putnam, and E. F. 


Schmidt. 


- RECOMMENDATION ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee D-3 presented to the 
Society through the Administrative 
_ Committee on Standards the proposed 
Tentative Method for Analysis of Car- 
- bureted Water Gas by the Mass Spec- 
trometer, as prepared by Subcommittee 
VII. The method was accepted by the 
_ Standards Committee on November 9, 
1953, and it appears in the 1953 Supple- 
_ ment to Book of ASTM Standards, Part 
_ 5, bearing the designation D 1302 - 53 T. 


ADOPTION OF TENTATIVE AS STANDARD 


Committee D-3 recommends that the 
_ Tentative Method of Sampling Manu- 
factured Gas (D 1247-52T)' be ap- 
¢ * Presented at the Fifty-seventh Annual 


Meeting of the Society, June 13-18, 1954. 
11952 Book of ASTM Standards, Part 5. 


REPORT OF COMMITTEE D-3 
ON 


GASEOUS FUELS* 


proved for reference to letter ballot of 
the Society for adoption as standard. 

This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 
the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Collection of Gaseous 
Samples (F. E. Vandaveer, chairman).— 
The Tentative Method of Sampling 

Manufactured Gas (D 1247-52 T) was 


originally prepared by this subcom- 


mittee, and the recommendation for its 
adoption as standard was made by the 
subcommittee. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chair- 
man).—Two meetings of this subcom- 
mittee were held during the year. Prin- 
cipal attention was devoted to the 
preparation of a procedure for calibra- 
tion of the 0.1-cu ft wet test meter so 
that revisions of the Tentative Methods 
for Measurement of Gaseous Fuel 
Samples (D 1071 - 49 T) could be made 
to clarify some meter calibration details.’ 
The subcommittee has approved the 
procedure prepared by a special task 
group. 

Subcommitiee III on Determination 
of Calorific Value of Gaseous Fuels (R. S. 
Jessup, chairman).—Material circulated 
to all subcommittee members on the 
reproducibility of results as covered in 
Section 20 of the Standard Method of 
Test for Calorific Value of Gaseous 

2 The letter ballot vote on this recommenda- 
tion was favorable; the results of the vote are 


on record at ASTM Headquarters. 
3 See Editorial Note, p. 419. 
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Fuels by the Water Flow Calorimeter 
(D 900 - 48) was considered in detail at 
the June 29 meeting. Possibilities for 
making provisions of the method more 
definite and for specifying more rigid 
limits were reviewed. These included 
probable effects on reproducibility of 
factors such as temperature, barometric 
pressure, heating value of the gas, and 
relative humidity, as well as differentiat- 
ing between reproducibility of the hu- 
midity control and humidity correction 
methods. 

It was agreed that liaison would be 
maintained with the task group of 
Subcommittee II formed to prepare 
procedures for calibration of the 0.1-cu 
ft wet test meter. 

Subcommitiee V on Determination of 
Special Constituents of Gaseous Fuels 
(L. T. Bissey, chairman).—At the June 
29 meeting, results of letter ballot on 
the referee method for sulfur determina- 
tion were fully discussed. Some objec- 
tions were recognized to apply to this 
method and it was decided not to 
recommend it for publication as tenta- 
tive at this time. 

A method for determination of organic 
and total sulfur is now in the hands of 
the members for letter ballot approval. 

Also consideration has been given to 
the Lusby platinum spiral method for 
sulfur determination. An outline of the 
steps to be taken, prepared by one of 
the members, has been circulated to the 
subcommittee for review and comment. 

Subcommittee VI on Determination of 


Eprror1At Norte 


Subsequent to the Annual Meeting, Committee D-3 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


Tentative Method for: 


Determination of Total Sulfur in Fuel Gases (D 1072 — 54 T). 


Revision of Tentative Methods for: 


Measurement of Gaseous Fuel Samples (D 1071 — 49 T). 


These recommendations were accepted by the Standards Committee on September 
28, 1954, and the new and revised methods appear in the 1954 Supplement to Book of i= 


ASTM Standards, Part 5. 


Water Vapor Content of Gaseous Fuels 
(S. W. Burdick, chairman).—Further ; 
experimental work was continued during 

the year on use of the Brickell method 

for determination of water vapor in gas. 

Subcommittee VII on Complete Analy-— 
sis of Chemical Composition of Gaseous 
Fuels (M. J. Stross, chairman).—The 
sad news of the sudden death of Martin 
Shepherd on September 17, 1953, came 
as a great shock to his many friends 
and associates. He had served as chair- 
man of Subcommittee VII continuously 
since its organization and was personally 
responsible for many of its accomplish- __ 
ments. He was succeeded as chairman 
by M. J. Stross, long a member of this 
committee, and particularly qualified to 
direct its activities. 

This subcommittee prepared the 
Tentative Method for Analysis of 
Carbureted Water Gas by the Mass Spec- 
trometer (D1302-53T), mentioned 
earlier in the report as having been 
accepted during the year by the Ad- 
ministrative Committee on Standards. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 37 members; 24 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. W. GAUGER, 
Chairman. 
K. R. Knapp, 
Secretary. 
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Committee D-4 on Road and Paving 
‘Materials held two meetings during the 
past year: in Atlantic City, N. J., on 
July 3, 1953, and in Washington, D. C., 
on February 5, 1954. At the February 
meeting, Committee D-4 observed its 
Fiftieth Anniversary. The original Com- 
mittee H on Standard Tests for Road 
Materials, redesignated Committee D-4 
on May 1, 1910, held its first meeting, 
for the purpose of organization, on 
February 8, 1904, and presented its 
first report to the Society at the Seventh 
Annual Meeting, at Atlantic City, 
June 19, 1904. 

In the period since presentation of the 
last annual report, the committee has 
lost one of its active members by death. 
It is with sincere regret that the passing 
of Francis L. Mark on July 25, 1953, 
and the death on October 19, 1953, of 
Hugh W. Skidmore, a long-time mem- 
ber who only recently resigned from the 
committee, are recorded in this report. 

The election of officers for the ensuing 
term of two years resulted in the selec- 


tion of the following: 
Chairman, Charles W. Allen. 
First Vice-Chairman, Kenneth B. 
Woods. 
Second Vice-Chairman, Fred Hubbard. 
Third Vice-Chairman, John O. Izatt. 
Secretary, John M. Griffith. 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


REPORT OF COMMITTEE D-4 


ON pale 


ROAD AND PAVING MATERIALS* 


iw 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual 
Meeting, Committee D-4 presented to 
the Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Revisions of Standard: 

Definitions of Terms Relating to Materials for 
Road and Pavements (D 8 - 52), 

Method of Test for Distillation of Tars and Tar 
Products (D 20 - 52), and 

Method of Test for Distillation of Cut-Back 
Asphaltic Products (D 402 - 49). 


These recommendations were ac- 
cepted by the Administrative Committee 
on Standards on September 9, 1953, 
and the tentative revisions appear in the 
1953 Supplement to Book of ASTM 
Standards, Part 3. 

The tentative revisions of definitions 
included the withdrawal of the standard 
definition for ‘Slag” and the substitu- 
tion of a definition for ‘“Blast-Furnace 
Slag” corresponding to the definition in 
Standard Definitions of Terms Relating 
to Concrete and Concrete Aggregates 
(C 125-48); revisions of definitions 
for “Asphalt” and “Pitches” to state 
definitely that these materials are 
residua; and a modification of the tenta- 
tive revision of the term “Tar’’ issued 
in June, 1949, which is incorrect and 
includes materials other than tar. 

The tentative revisions of the dis- 
tillation test methods remove statements 
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relating to supplementary tests on 
distillation residues improperly incor- 
porated in the distillation test procedures 
and otherwise improve the wording. 
Also more definite requirements for the 
glass-jacketed condenser used in Method 
D 402 have been provided. 


REVISIONS OF TENTATIVES 


Tentative Specifications for Hot-Mixed, 
Hot-Laid Asphaltic Concrete for Base 
and Surface Courses (D 947-52 T).— 
Committee D-4 recommends the follow- 
ing revisions in these specifications: 

Table I.—For Size No. 3, 2-in. Sieve, 
change “95 to 100” to “90 to 100.” 

This recommendation is in conformity 
with a recommendation for immediate 
revision of Standard Specifications for 
Standard Sizes of Coarse Aggregate for 
Highway Construction (D 448-49) 
subsequently presented in this report. 

Table IIT I.—Change bitumen require- 
ments to read as follows: 


Nominal Maximum Size of Aggregate 
line Win. in. 
Bitumen, percent by Weight of Total Mixture 


3.5to 4.0to 4.0to 4.5to 5.0to 5.5to 
7.5 8.0 8.5 9.0 9.5 10.0 


2 in. 


Field experience in using some of 
the heavier aggregates, such as heavy 
limestone or traprock, has indicated 
that satisfactory percentages of bitu- 
men may be lower than the minima 
presently required by these specifica- 
tions. 

Tentative Method of Test for Bitumen 
Content of Paving Mixtures by Centrifuge 
(D 1097-50 T).'—To provide for the 
determination of bitumen in mixtures 
containing aggregate of a larger maxi- 
mum size, for the use of solvents other 
than benzene, and for the use of ap- 
paratus other than the Dulin Rotarex, 
Committee D-4 recomends the following 
revisions of this tentative method: 


1 1952 Book of ASTM Standards, Part 3. 
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Section 1—In the first sentence, 
change “}-in. sieve” to “1-in. sieve.” 
In the Note, change the first two sen- 
tences to read: 


“Although ‘bitumen’ by definition is material 
soluble in carbon disulfide, benzene is recom- 


mended for use in this method for safety reasons, 
_ and it normally produces the same results within 


the precision of the method. Other solvents, such 
as carbon tetrachloride, trichlorethylene, etc., 
may be substituted for benzene or carbon disul- 
fide in this method and similar results may be 
obtained, but the relationship of such results to 
those obtained with benzene or carbon disulfide 
cannot be predicted or assumed.” 


Also in the Note, make a separate 
paragraph of the last sentence. 

Section 2(a).—In the first sentence, 
change “bowl as shown in Fig. 1” to 
“bowl approximating that shown in 
Fig. 1.” 

Section 4(a)—Change the last two 
sentences to read: 


“The precision of the method becomes less 
as the aggregate size increases, due to variations 
in samples. It may, however, be used on mixtures 
containing aggregate larger than 1 in. by using 
samples weighing at least 3000 g. They may be 
tested by extracting 1000 g. at a time.” 

Section 4(c).—Change the weight of 
sample for determination of water from 
g ” to 500 g ” 


TENTATIVE REVISION OF STANDARD 


Standard Specifications for Crushed 
Stone, Crushed Slag, and Gravel for 
Water-Bound Macadam Base and Surface 
Courses of Pavements (D 694 - 49).'—To 
provide a requirement for soundness of 
aggregates used in water-bound mac- 
adam construction, Committee D-4 rec- 
ommends publication of tentative re- 
visions of this standard as follows: 

New Section 5.—Add the following 
new Section 5, and renumber the 
present Section 5 and succeeding sec- 
tions: 


“5. Soundness.—Coarse aggregate, when sub- 
jected to five cycles of the Soundness Test, shall 
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have a weighted loss of not more than 20 per 
cent when sodium sulfate is used or 30 per cent 
when magnesium sulfate is used. 


New Paragraph 7(d).—Add new Para- 
graph 7(d), and renumber the present 
Paragraph 7(d) as 7(e): 

“(@) Soundness.—Tentative Method of Test 
for Soundness of Aggregates by Use of Sodium 
Sulfate or Magnesium Sulfate (ASTM Designa- 
tion: C 88 46 T).” 
REVISIONS OF STANDARDS, © 

IMMEDIATE ADOPTION 


Standard Specifications for Standard 
Sizes of Coarse Aggregate for Highway 
Construction (D 448 - 49),} 


_ Standard Specifications for Crushed Stone 


and Crushed Slag for Bituminous 

Macadam Base and Surface Courses 

of Pavements (D 693 — 49),! and 
Standard Specifications for Crushed Stone, 

Crushed Slag, and Gravel for Water- 

Bound Macadam Base and Surface 

Courses of Pavements (D 694-49). 

Prompted by the consideration that 
the present requirement for Size No. 3 
is illogical when comparison is made 
with other sizes of similar length and is 
standpoint of 
production, Committee D-4 recommends 
the following revision of these three 
standard specifications for immediate 
adoption, and accordingly requests the 
necessary nine-tenths affirmative vote at 
the Annual Meeting in order that the 
recommendations may be referred to 
letter ballot of the Society: 

Table I.—Change the requirement for 
amount finer than 2-in. sieve, per cent 
by weight, Size No. 3, from “95 to 100” 
to “90 to 100.” 


ADOPTION OF TENTATIVES 
AS STANDARD 


Committee D-4 recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard: 


Tentative Method of Test for Effect of Water 
on Cohesion of Compacted Bituminous Mix- 
tures (D 1075 49 

Tentative Specifications for Asphaltic Mix- 
tures for Sheet Asphalt Pavements (D 978 - 
52 T),} 

Tentative Specifications for Fine Aggregate 
for Sheet Asphalt and Bituminous Concrete 
Pavements (D 1073 —- 51 T),! and 

Tentative Specifications for Crushed Stone, 
Crushed Slag, and Gravel for Bituminous Con- 
crete Base and Surface Courses of Pavements 
(D 692 —- 51 T),! revised as follows: 

Table I.—Change the requirement for amount 
finer than 2-in. sieve, per cent by weight, Size 
No. 3, from “95 to 100” to “90 to 100.” 


Subject to approval of a similar rec- 
ommendation by Committee D-8, Com- 
mittee D-4 also recommends that Tenta- 
tive Methods of Sampling Bituminous 
Materials (D 140-52T) be approved 
for reference to letter ballot of the Society 
for adoption as standard. 

Committee D-4 joins with Committee 
C-9 on Concrete and Concrete Aggre- 
gates in recommending that the Tenta- 
tive Method of Test for Soft Particles 
in Coarse Aggregates (C 235 —- 49 T)! be 
approved for reference to letter ballot 
of the Society for adoption as standard 
without change. 


ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


Standard Methods of Testing Emulsified 
Asphalis (D 244 -49).\—Subject to ap- 
proval of a similar recommendation by 
Committee D-8, Committee D-4 recom- 
mends that the tentative revisions of this 
standard issued September 5, 1952,! be 
approved for reference to letter ballot of 
the Society for adoption as standard. 


EDITORIAL REVISION 


Standard Method of Test for Hot 
Extraction of Asphaltic Materials and 
Recovery of Bitumen by the Modified 
Abson Procedure (D '762-49).\—To 
clarify the illustration, Committee D-4 
recommends that changes be made in 
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Fig. 2 to show the arrow pointing to the 
vertical portion of the distillation column 
rather than to its side arm, and to show 
diameters of the column and side arm 
as well as height of the column. 


TENTATIVES CONTINUED WITHOUT | 
REVISION 


The subcommittees of Committee 
D-4 and the joint subcommittee of 
Committees D-4 and D-18 have reviewed 
existing tentative specifications and 
methods of test which have been pub- 
lished by the Society for two years or 
more without revision, and Committee 
D-4 recommends that the following be 
continued as tentative without revision: 

Tentative Specifications for Asphalt 
Cement for Use in Pavement Construc- 
tion (D 946-47 T).—These specifica- 
tions should be retained as tentative 
pending the development of additional 
requirements and appropriate methods 
of testing to secure and control the 
properties of asphalt cement necessary 
to assure durability and uniformity. 

Tentative Specifications for Preformed 
Expansion Joint Fillers for Concrete, 
Non-extruding and Resilient Types 
(D 544-52 T).—An extensive coopera- 
tive testing program on preformed 
expansion joint fillers is in progress, and 
the tentative specifications should be 
continued until a review of data indicates 
the desirability of further action on 
specification requirements. 

Tentative Specifications for Concrete 
Joint Sealer, Hot-Poured Elastic Type 
(D 1190-52 T).—Further considera- 
tion is being given to requirements of 
this specification and it should ac- 
cordingly be retained as tentative. 

Tentative Specifications for Crushed 
Stone, Crushed Slag, and Gravel for 
Single Bituminous Surface Treatment 
(D 1139-52 T).—Additional specifica- 
tions for aggregates suitable for other 
types of surface treatment are being 
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considered and it is desirable to con- 
tinue these tentative specifications until 
their relation to other specifications for 
surface treatment aggregates can be 
determined. 

Tentative Specifications for Materials 
for Soil-Aggregate Subbase, Base, and 
Surface Courses (D 1241-52 T).— 
These tentative specifications are under 
the joint jurisdiction of Committee 
D-4 and Committee D-18 on Soils for 
Engineering Purposes. The joint sub- 
committee is studying requirements of 
these specifications with a view to their 
clarification and improvement. 


Tentative Method of Test for Loss on 


Heating of Oil and Asphaltic Compounds 
(D 6-39 T).—This method does not 
have the reproducibility believed de- 
sirable for recommending adoption as 
standard, and efforts are being made to 
design testing equipment which will 
have satisfactory performance char- 
acteristics and control. The tentative 
method has been in extensive use for 
many years, notwithstanding its known 
deficiencies, and should be retained 


until an improved method can be es- — 


tablished. 

Tentative Method of Test for Mois- 
ture-Density Relations of Soils 
(D 698-42 T).—Committee D-18 on 
Soils for Engineering Purposes, which 
has joint jurisdiction with Committee 
D-4 on this tentative method, is con- 
sidering a revision of the method. 

Tentative Method of Testing Soil- 


Bituminous Mixtures (D 915 - 47 T).—_ 


Further study of this procedure is 


desirable in respect to correlation with 
construction control and service per- 
formance of highway soils. The method 
is in use by a number of highway con- 
struction agencies, and it is expected 
that a subcommittee of Committee 
D-18, which has joint jurisdiction for 
this tentative with Committee D-4, will 
assemble appropriate data on the 
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applicability and utility of the tentative 
method under practical conditions. 
Tentative Method of Test for Shear 
Strength of Flexible Road Surfaces, 
Subgrades, and Fills by the Burggraf 
Shear Apparatus (D 916-47 T).— 
Considerable information has been ob- 
tained by use of this apparatus, and it is 
expected that when the data are cor- 
related with the service behavior of the 
soils a revision of the method may be 
indicated. Further research on the 
utility and application of this method of 
testing appears desirable. 
_ Tentative Method of Test for Com- 

pressive Strength of Bituminous Mix- 
tures (D 1074-52 T).—A_ subcom- 
mittee of Committee D-4 is conducting 
a study of this method which may lead 
to recommendations for revision; in the 
meantime the method should be con- 
tinued. 

Tentative Method of Test for Vacuum 
Distillation of Liquid and Semi-Solid 
_ Asphaltic Materials to Obtain a Residue 
_ of Specified Penetration (D 1189 - 52 T). 
—The committee desires to retain this 
method as tentative to permit the 
development of improvements based on 
use and experience. 

Tentative Methods of Testing Con- 

crete Joint Sealers (D 1191-52 T).— 
Further consideration is being given to 
_ these methods, and they should ac- 
cordingly be continued as tentative. 


Tentative Revision of Standard: 


The committee desires to retain the 
tentative revision, issued in February, 
- 1952, of the Standard Specifications for 
Sodium Chloride (D 632-43) for the 
possible development of criticism. 


The recommendations appearing in 
this report have been submitted to letter 


* ballot of the committee, the results of 
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which will be reported at the Annual 
Meeting.? 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee B-3 on Distillation Tests 
(J. W. Donegan, chairman) is conducting 
cooperative tests as a basis for develop- 
ing statements on reproducibility for the 
standard distillation tests applied to 
asphaltic and tar road materials. The 
subcommittee is also cooperating closely 
with a group representing Committee 
D-2 in the preparation of a revised 
Method of Test for Water in Petroleum 
Products and Other Bituminous Ma- 
terials. 

Subcommittee B-5 on Softening Point 
Tests (I. E. Manning, chairman) is 
planning a thorough study of the Stand- 
ard Method of Test D 36-26 for 
Softening Point with a view to improving 
the control of rate of heating and 
reproducibility of this method, and will 
make use of extensive data derived in 
several series of cooperative tests con- 
ducted in the last several years for a 
comparison of various modifications of 
apparatus and of procedure. 

Subcommittee B-7 on Viscosity and 
Float Tests (C. A. Benning, chairman) 
is studying the data from cooperative 
Engler viscosity tests to determine 
reproducibility of a proposed method, 
which will shortly be recommended for 
the approval of Committee D-4. 

Subcommittee B-12 on Structural Prop- 
erties of Mineral Aggregates (Stanton 
Walker, chairman) has been considering 
several important properties of aggre- 
gates for which there are no standardized 
methods of determination. These include 
the structural strength of coarse ag- 
gregate particles, void content of sands, 
characteristic shape of sand particles, 
and resistance to abrasion of fine 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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aggregate. Other subjects before the 
subcommittee for active work are the 
contributions of different types of ag- 
gregate to the skid resistance of pave- 
ments and the evaluation of deleterious 
substances in concrete aggregates. In- 
formation is being assembled by the 
subcommittee on all these problems. 

Subcommittee B-16 on Setting Qualities 
of Bituminous Materials (A. B. Corn- 
thwaite, chairman) is continuing its 
search for a significant method for evalu- 
ating the drying or setting properties of 
bituminous materials. A preliminary 
investigation of a “rolling ball” ap- 
paratus has been completed and plans 
have been made for cooperative tests. 

Subcommittee B-17 on Emulsion Tests 
(R. R. Thurston, chairman) has been 
assembling data for the purpose of 
determining reproducibility of the various 
tests for emulsified asphalts. Standard 
Method D 244 has been extensively 
revised editorially, and it is possible 
that further study involving cooperative 
testing will lead to other improvements. 

Subcommittee B-19 on Accelerated 
Tests for Durability of Bituminous 
Materials (D. C. Taylor, chairman) has 
initiated a thorough study of a thin- 
film oven test which is used by several 
organizations for the evaluation of 
asphaltic materials. 

Subcommittee B-24 on Penetration 
Tests (J. Y. Welborn, chairman) is 
considering use of the penetration test 
for asphalt cements as a means of 
specifying susceptibility to temperature 
changes in a practical range. 

Subcommittee B-26 on Effect of 
Water on Bituminous Coated Aggregates 
(C. M. Hewett, chairman) has continued 
to investigate possible methods for 
evaluating the performance of bitu- 
minous coatings on aggregates in the 
presence of water. In addition to the 
radioactive tracer technique and photo- 
electric reflectance method mentioned 
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last year, the subcommittee is consider- _ 
ing the possible application of flame- : 
photometry techniques to the measure- 

ment of “stripping.” 

Subcommittee C-4 on Specifications for — 
Emulsified Asphalis (C. E. Proudley, 
chairman) is studying the relative im- 
portance of medium-setting type of 
emulsion and the various grades, having 
in mind a simplification and clarification 
of specifications. 

Subcommittee C-12 on Bituminous 
Surface Treatments (J. O. Izatt, chair- 
man) has prepared proposed specifica- 
tions for aggregates suitable for use in 
multiple surface treatments and also is 
formulating a recommended practice on 
the use of materials for bituminous 
surface treatments. 

Subcommittee D-2 on Highway Traffic 
Markers (H. F. Clemmer, chairman) 
has been recently reorganized and, after 
thorough discussion of the various 
phases of its field, is concentrating on : 


assembling information and developing 
requirements for permanent types of 
traffic markers. 
Subcommittee D-3 on Expansion Joint — 
Materials (H. F. Clemmer, chairman) is | 
conducting an extensive testing program — 
on preformed fillers for expansion joints 
which may lead to a reconsideration of _ 
for cold-application joint sealers of 
mastic or emulsion types are also being 
prepared by the subcommittee. ; 


present ASTM methods of testing and 
specification requirements. Specifications 


RESEARCH ACTIVITIES 


In annual reports for the past several 
years, Committee D-4 has included a _ 
general summary of the more important _ 
research activities of its subcommittees. _ 
Continuing progress in the development — 
of new methods of testing is demon- 
strated in the preceding review of sub- 
committee activities. Although investi- _ 
gations in progress have not resulted in 
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recommendations this year for approval 
of additional testing methods and specifi- 
cations, they have indicated a number 
of desirable revisions in existing methods 
and the need for thorough study of 
procedures accepted many years ago 
but now shown to be deficient in re- 
producibility and control features. 
Properties of road materials recog- 
nized to be important but difficult to 
evaluate are receiving deserved atten- 
tion. In particular, Subcommittees B-2, 
B-16, B-19, B-25, and B-26 are active 
primarily in fields of technology related 
to performance and service behavior of 
_ bituminous materials in which increas- 
ingly critical study and new approaches 


are necessary; correspondingly, Sub- 
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committee B-12 is active in fields identi- 
fied with the performance of mineral 
aggregates when used as_ highway 
materials. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 149 members; 114 members 
have returned their ballots, of whom 
106 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 


C. A. CARPENTER, 


Chairman. 


B. A. ANDERTON, 
Secretary. 
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Committee D-5 on Coal and Coke 
held meetings in Atlantic City, N. J., 
on June 30, 1953, and in Washington, 
D. C., on February 3, 1954. The Ad- 
visory Subcommittee met the day prior 
to the main Committee meetings as 
well as in Chicago, Ill., on September 
11, 1953. 

During the year nine members were 
added to the committee, five members 
resigned, and two members died, result- 
ing in a total membership of 65, of whom 
21 are classed as consumers, 19 as pro- 
ducers, and 25 as general interest mem- 
bers. For voting purposes, there are 19 
consumers, 18 producers, and 23 general 
interest members, resulting in a total 
voting membership of 60. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: i 

Chairman, W. W. Anderson. on 

Vice-Chairman, C. H. Sawyer. 

Secretary, O. P. Brysch. rl 

At the Advisory Subcommittee meet- 
ing in September, arrangements were 
completed for active participation of 
the United States at the third meeting 
of ISO/TC 27 on Solid Mineral Fuels, 
held in London on November 2 to 6, 
1953. The U. S. delegates consisted of 
W. A. Selvig (leader), O. W. Rees, and 
W. M. Bertholf. At these meetings Mr. 
Bertholf presented a paper on “The 
Trend Theory in Coal Sampling.” 
Mr. Selvig’s attendance at the ISO/TC 
27 meetings was supplementary to his 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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duties at the meet- 
ing of the Classification Working Party, 
Coal Committee, Economic Committee 
for Europe, held in Geneva, Switzerland, 
November 9 to 11, 1953. 

Separate complete reports by all three 
delegates were made to Committee 
D-5 with recommendation for study and 
action. 

ISO/TC 27 has been requested by the 
Classification Working Party, Coal 
Committee, Economic Committee for 
Europe, to prepare international stand- 
ards for certain analytical procedures 
and test methods for use in an interna- 
tional system of coal classification. 


TENTATIVE REVISION 
OF STANDARDS 


Committee D-5 recommends the 
following tentative revisions in two 
standards: 

Standard Method of Test for Free- 
Swelling Index of Coal (D 720-46)? 

Footnote 3—Add an additional refer- 
ence as follows: 

W. A. Selvig and W. H. Ode, “‘An Investiga- 
tion of a Laboratory Test for Determination of 
the Free-Swelling Index of Coal, Revision of 
R.I. 3989,” U. S. Bureau of Mines Report of 
Investigation 4238 (1948). 


Section 5.—Add the following new 
Paragraph (c): 


(c) Some coals give buttons that do not con- 
form in shape to the standard profiles. For such 
coals, the maximum cross-sectional areas of the 
buttons may be measured, and the index de- 


1A report on this meeting appears in ASTM 
Butuetin, No. 198, May, 1954, p. 43. 
3 1963 Book of ASTM Standards, Part 5. 
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termined from the relationship of the areas of 
the standard profiles to swelling indexes as 
shown in Fig. 1.* For measuring the cross- 
sectional areas, the buttons may be mounted on 
graph paper ruled into square centimeters and 
square millimeters, and the outlines of the but- 
tons traced on the paper while viewing through 
the sight tube shown in Fig. 3. The mounting 
of the buttons may be done conveniently by 
means of modeling clay. The squares inside the 
outline may be counted, and fractions of squares 
along the boundary line estimated. 


- ®To take care of buttons whose cross-sec- 
: tional area is greater than that of standard 
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Sampling and Analysis of Coal and Coke 
(D 271 — 48).2—Replace the present Sec- 
tions 32 to 37 relating to Ultimate 
Analysis of Carbon and Hydrogen 
with the following: 


Carbon and Hydrogen 


32. Outline of Method.—The determination of 
carbon and hydrogen is made by burning a 
weighed quantity of sample in a closed systeia 
and fixing the products of combustion in an 
absorption train after complete oxidation and 
purification from interfering substances. This 


Swelling Index Numbers 
an 


profile 9, the curve shown in Fig. 1 has been 
extended to include about 700 sq mm which is 
the maximum cross-sectional area of the silica 
crucibles used in the test. 


Section 6.—Change to read as follows: 


6. Report.—{a) The average swelling index 
of the series of four buttons, expressed to the 
nearest one-half unit, shall be reported. 

(b) If the residue is a powder or if the button 
is nonswollen (swelling index of 1) and pul- 
verizes under a weight of 500 g carefully lowered 
on it, the coal shall be designated as “nonag- 
glomerating.” 


Standard Methods of Laboratory 


2 
Ty 
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Areo of Stondord Profiles, sq mm 
Fic. 1.—Relationship of Areas of Standard Profiles to Swelling Indexes. 


method gives the total percentages of carbon 
and hydrogen in the coal as analyzed, and in- 
cludes the carbon in carbonates and the hydrogen 
in the moisture and in the water of hydration of 
silicates. 

33. Apparatus—The apparatus used shall 
consist of an oxygen purifying train, a combus- 
tion unit and tube, and an absorption train. 

(a) Oxygen Purifying Train.—It shall consist 
of the following units arranged as listed in the 
order of passage of oxygen: 

(1) First water absorber shall be a container 
for the solid dehydrating reagent. It shall be 
so constructed that the oxygen must pass 
through a column of reagent adequate to secure 
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water equilibrium equal to that secured in the 
prescribed absorption train. A container of large 
volume and long path of oxygen travel through 
the reagent will be found to be advantageous 
where many carbon and hydrogen determina- 
tions are made. 

(2) Carbon dioxide absorber shall be a container 
for solid carbon dioxide absorbing agent. It 
shall be constructed as described in Paragraph 
(a) Item (J) and shall provide for a column of 
reagent adequate to remove completely carbon 
dioxide. 

(3) Second water absorber shall be as specified 
in Paragraph (a) Item (1). 

(4) Flow meter shall be used to permit vol- 
umetric measurement of the rate of flow of 
oxygen during the determination. It shall be 
suitable for measuring flow rates within the 
range of 50 to 100 ml per min (STP). The use 
of a double stage pressure reducing regulator with 
gage and needle valve preceding the first water 
absorber is recommended to permit easy and 
accurate adjustment of the rate of flow. 

(b) Combustion Unit.—The combustion unit 
shall consist of three electrically heated furnace 
sections, individually controlled, which may be 
mounted on rails for easy movement; the upper 
part of each furnace may be hinged so that it 
can be opened for inspection of the combustion 
tube. The three furnace sections shall be as 
follows: 

(1) Furnace section 1, nearest the oxygen in- 
let end of the combustion tube, shall be ap- 
proximately 13 cm long and shall be used to 
heat the inlet end of the combustion tube and 
the sample. It shall be capable of rapidly at- 
taining an operating temperature of 850 to 
900 C (Note 1). 

(2) Furnace section 2 shall be approximately 
33 cm in length and shall be used to heat that 
portion of the tube filled with cupric oxide. The 
operating temperature shall be 850 + 20 C 
(Note 1). 

(3) Furnace section 3 shall be approximately 
23 cm long, and shall be used to heat that por- 
tion of the tube filled with lead chromate or 
silver. The operating temperature shall be 500 + 
50 C (Note 1). 

(c) Combustion Tube-—The combustion tube 
shall be made of fused quartz or Vycor and shall 
have a nominal inside diameter which may vary 
within the limits of 19 to 22 mm and a minimum 
total length of 97 cm. The exit end shall be 
tapered down to provide a tubulated section for 
connection to the absorption train. The tubu- 
lated section shall have a length of 2 to 2.5 cm, 
an internal diameter of not less than 3 mm, and 
an external diameter of approximately 7 mm. 
The total length of the reduced end shall not 
exceed 6 cm. If a translucent fused quartz tube 
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is used, a transparent section 10 cm long, located 
25 cm from the oxygen inlet end of the tube, 
will be found convenient. 

(d) Combustion Boat.—This shall be either 
glazed porcelain, fused silica, or platinum. 
Boats with internal dimensions of approximately 
70 by 8 by 8 mm have been found convenient. 
(@) Absorption Train.—The absorption train 
shall consist of the following units arranged as 
listed in the order of passage of oxygen: 

(1) Water absorber shall have a capacity for 
45 cu cm of solid reagent and a minimum length 
of gas travel through the reagent of 8 cm.* 


* Glass-stoppered containers such as the 
Nesbitt, Schwartz U-tube and the Stetser- 
Norton bulbs have been found satisfactory. 


(2) Carbon dioxide absorber.—If solid reagents 
are used for carbon dioxide absorption, the 
container shall be as described in Paragraph (e) _ 
Item (/). If a solution is used, the container 
shall be a Vanier bulb. 

(3) Guard tube shall be a container as de- 
scribed in Paragraph (e) Item (J). 

34. Reagents—(a) Oxygen, 99.5 per cent 
purity or better shall be used (Note 5). 

(b) Combustion Tube Reagents: 

(1) Cupric oxide, wire form, ACS reagent 
grade, dust free. 
(2) Lead chromate, cp, approximately 8 to 
20-mesh size. 

(3) Silver gauze, 99.9 per cent silver minimum | 
purity, 20 mesh, made from approximately 
No. 27 B. & S. gage wire. 

(4) Copper gauze, 99.0 per cent copper 
minimum purity, 20 mesh made from approxi- — 
mately No. 26 B. &. S. gage wire. 

(c) Purification and Absorption Train Re- 
agents: 

(1) Water absorbent.—Anhydrous magnesium 
perchlorate, anhydrous calcium sulfate, or cal- 
cium chloride, of approximately 8 to 45-mesh 
size (Note 2). 

(2) Carbon dioxide absorbent—If a solid 
reagent is used, it shall be sodium or potassium 
hydroxide impregnated in an inert carrier of 
approximately 8 to 20-mesh size. Use of soda 
lime in place of the above or in admixture with 
them is permissible (Note 3). If a solution is 
used, it shall be 30 per cent by weight potas- 
sium hydroxide ACS reagent grade. 

35. Preparation of Apparatus: (a) Combus- 
tion Tube Packing.—To insure complete oxida- 
tion of combustion products and complete re- 
moval of interfering substances such as oxides 
of sulfur, the combustion tube shall be packed 
with cupric oxide and lead chromate or silver. 
The arrangement and lengths of the tube fillings 
and separating plugs shall be as shown in Fig. 8. 
It is recommended that the tube be placed in a 
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vertical position (constricted end downward) 
for packing. When filling the tube with lead 
chromate, any residual reagent adhering to the 
walls of the empty portion of the tube must be 
removed. When silver is used as a tube filling, 
the required length of filling may be prepared 
conveniently from three or four strips of silver 
gauze 15 to 20 cm long, by rolling each strip 
into a cylindrical plug and inserting the strips 
end-to-end in the tube (Note 4). 

(b) Absorption Train: 

(1) Water absorber shall be a container filled 
with a permissible solid desiccant by adding the 
required amount in small portions and settling 
each portion by gentle tapping between addi- 
tions. A glass wool plug shall be placed between 
the reagent and the absorber outlet to prevent 
loss of reagent “dust.” 
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recommended that all connections be glass to 
glass or glass to quartz butt joints with short 
lengths of flexible tubing as seals. The connec- 
tion between the purification train and the 
combustion tube may be made by means of a 
rubber stopper or other suitable device. All 
connections shall be gas tight. No lubricant shall 
be used for making tubing connections in the 
absorption train. 

(d) Conditioning of Apparatus: 

(1) Newly packed combustion tube-—A sample 
of coal or coke shall be burned as described in 
Section 36, except that the products of com- 
bustion need not be fixed in a weighed absorption 
train. 


tended shut down, one day or more, the com- 
bustion train shall be tested under procedure 


Furnace ! 
Section | 


26 cm 10 


97 cm 


B.—Cupric oxide filling. 
C.—Lead chromate or silver filling. 
P,, P2, Ps—oxidized copper gauze plugs. 


A.—Clear fused quartz section (optional) when a translucent quartz tube is used. 


Nore.—aAll dimensions are given in centimeters. When furnace sections longer than those specified 
in Section 33(5) are to be used, changes in the above dimensions shall be in accordance with the 


provisions of Note 4. 


Fic. 8.—Arrangement of Tube Fillings for Combustion Tube. 


(2) Carbon dioxide absorber—If a solid re- 
agent is used for the retention of carbon dioxide, 
the absorber shall be filled as described in Para- 
graph (5) Item (J). A layer or “cap” of desic- 
cant shall be placed in the outlet section of the 
container and shall be the same as that used in 
the water absorber. This layer shall have a bulk 
volume not less than one-fourth nor more than 
one-third of the combined volume of both re- 
agents. If a liquid absorbent is used, the inner 
tube of the Vanier bulb shall be filled with the 
same desiccant used in the water absorber. A 
glass wool plug shall be placed in the outlet sec- 
tion of the container to prevent loss of reagent 
“dust.” 

(3) Guard tube shall be packed with equal 
volumes of the water absorbent and a solid 
carbon dioxide absorbent. 

(c) Connections.—To insure a closed system 
from the supply tank of oxygen to the guard 
tube at the end of the absorption train, it is 


conditions, but without burning a sample, for 
40 min with weighed absorption bulbs connected. 
A variation of not more than 0.5 mg of either 
bulb shall be considered satisfactory (Note 5). 

(3) Absorption train.—Freshly packed ab- 
sorber and guard tubes shall be conditioned by 
burning a sample of coal or coke as described in 
Section 36, except that tube weights need not be 
determined. 

(4) Standard checks shall be made frequently, 
particularly when intermittent use of the com- 
bustion train is common or when any changes 
have been made in the system. A standard sub- 
stance of certified analysis, such as benzoic acid 
or sucrose as furnished by the National Bureau 
of Standards shall be burned as described in 
Section 36. A variation from the theoretical of 
not more than 0.07 per cent for hydrogen nor 
more than 0.30 per cent for carbon shall be 
considered satisfactory. 

36. Procedure—After the combustion tube 


(2) Used combustion tube-—After any ex- 
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and absorbers have been conditioned as pre- 
scribed in Section 35, the test shall be made as 
follows: 

(a) Absorption Train.—The absorption tubes 
shall be brought to room temperature near the 
balance for 15 to 20 min, vented momentarily 
to atmosphere, wiped with a chamois or lint- 
free cloth in the areas where handled, and 
weighed to the nearest 0.1 mg using a similar 
bulb as counterpoise on the balance. 

(b) Sample-—Approximately 0.2 g (weighed 
to the nearest 0.1 mg) of air-dry sample ground 
to pass a 250-micron (No. 60) or finer sieve, 
shall be weighed into a combustion boat. 

(c) Sample Analysis——With furnace sections 
2 and 3 at specified temperatures and positioned 
as shown in Fig. 8, perform the following opera- 
tions in rapid succession in the order listed: 
(1) if a conventional type of sample heating 
furnace is used for heating section No. 1, place 
it so that its left-hand edge is about 10 cm from 
the oxygen inlet end of the combustion tube; 
(2) attach the weighed absorption train to the 
tube; (3) push the sample boat into the tube to 
a point within approximately 2 cm from plug 
Pi; (4) close the tube and adjust the oxygen 
flow to a rate of 50 to 100 ml per minute (STP) 
being the same as used in blanking, Section 
35 (d) Item (2); and (5) apply full heat to heat- 
ing section No. 1 to bring it to an operating 
temperature of 850 to 900 C as rapidly as possi- 
ble. Move the heater slowly toward the boat so 
that it completely covers the boat and is brought 
into contact with heating section No. 2 in a 
period of 10 to 20 min (Note 6). Allow it to 
remain in this position for an additional 5 to 10 
min, and then shut-off the heat and return the 
sample heater to its original position. Continue 
the flow of oxygen through the tube for 10 min 
(Note 7), close the absorbers under a positive 
pressure of oxygen, and detach them from the 
train. Remove the absorbers to the vicinity of 
the balance, allow them to cool to room tempera- 
ture for 15 to 20 min, vent momentarily to 
atmosphere, wipe them with a chamois or lint- 
free cloth in the areas handled, and finally 
weigh them to the nearest 0.1 mg using the 
identical absorber of Paragraph (a) as a counter- 
poise. While the absorbers are cooling, it is 
recommended that the ash remaining in the 
combustion boat be examined for traces of un- 
burned carbon which, if present, will nullify the 
determination. 

37. Calculation—The percentage of carbon 
(Note 8) and hydrogen shall be calculated as 
follows: 


Hydrogen, per cent 
11.19 X (increase in wt 
of H20 absorption bulb) 


wt of sample 
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Carbon, per cent 


27.289 X (increase in wt 
of absorption bulb) 
wt of sample 


Note 1.—Combustion tube temperatures 
shall be measured by means of a thermocouple 
placed immediately adjacent to the tube near 
the center of the appropriate tube section. 

Nore 2.—Trade names of the listed permis- 
sible dehydrating reagents are: Anhydrone or 
Dehydrite, Drierite, and calcium chloride. 

Note 3.—Trade names of the sodium and 
potassium hydroxide permissible solid carbon 
dioxide absorbing reagents are: Ascarite, 
Caroxite, and Mikohbite. If soda lime is used 
in admixture with any of the foregoing, it 
should not exceed 30 per cent by weight of the 
total reagent. In using Ascarite it may be neces- 
sary to add a few drops of water to this reagent 
to assure complete absorption of carbon dioxide. 

Norte 4.—Longer furnaces with appropriate 
lengths of tube packing will be satisfactory. 


Norte 5.—If the blank tests for flow indicate | 


interfering impurities in the oxygen supply by 
consistent weight-gain in the absorption bulbs, 
these impurities shall be eliminated by using a 
preheater furnace and tube, filled with cupric 
oxide. This preheater furnace shall be operated 
at 850 + 20 C and shall be inserted in series 
between the supply tank of oxygen and the pu- 
rification train. 

Note 6.—Some variation in operating tech- 
nique and heater manipulation maybe permitted 
here at the discretion of the analyst, provided 
that it is conducive to a gradual and controlled 
release of volatile matter. Conditions which 
lead to visible burning (flame combustion) of 
the sample shall be avoided. 

Nore 7. Since water may condense in the 
cooler outlet end of the combustion tube or 
in the inlet arm of the water absorber, the use of 
an external or internal heat conducting device 
(a metal heat bridge) is recommended to pre- 
vent such condensation or promote re-evapora- 
tion during this flushing period. 

Norte 8.—It is recognized that formation of 
oxides of nitrogen during the combustion pro- 
cedure may lead to slightly high results for 
carbon. However, extensive study of this effect 
by five laboratories led to the conclusion that 
error so incurred would not be significant in 
commercial application. In certain research 
applications, where accuracy of a higher order 
is required, means of removing oxides of nitro- 
gen prior to water and carbon dioxide absorption 
should be included. 


The recommendations appearing in 
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this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee XIII on Coal Sampling 
(H. F. Hebley, chairman) arranged for 
a Symposium on Coal Sampling to be 
presented at the Annual Meeting in 
Chicago on June 14, 1954. The Sym- 
posium includes the following eight pa- 
pers:* 


“The Development of the Theoretical Basis 


- of Coal Sampling,” by W. M. Bertholf, Colo- 


rado Fuel and Iron Corp. 

“A Test on a Slotted Revolving Cylinder 
Coal Sampler,” by A. O. Blatter, Union Electric 
Co. of Missouri. 

“Tests of Accuracy of a Mechanical Coal 
Sampler,” by R. L. Coryell, F. J. Schwerd, and 
E. J. Parente, Consolidated Edison Co. of New 
York. 

“Multi-Lot Sampling, the Accuracies in 
Sampling of Large Coal Shipments by Applica- 
tions of the Variance Concept,” by T. A. Mis- 
kimen and R. S. Thurston, American Gas and 
Electric Corp. 

“Tests of the Geary-Jennings Sampler at 
Cabin Creek,” by W. M. Bertholf, Colorado Fuel 
and Iron Corp., and W. L. Webb, American Gas 
and Electric Corp. 

“Some Recent British Work on Coal Sam- 
pling,” by R. C. Tomlinson, National Coal 
Board. 

“The Variances of Reduction and Analysis,” 
by W. W. Anderson, Commercial Testing and 
Engineering Co., and M. L. Sutherland, Statis- 
tical Consultant. 

“Tests on the Binomial Sampling‘ Theory,” 
by Jan Visman, Dept. of Mines and Technical 
Surveys, Canada. 


Subcommittee XV on Plasticity and 
Swelling of Coal (Michael Perch, chair- 
man) prepared the tentative revision of 
the Standard Method of Test for Free- 
Swelling Index of Coal (D 720-46), 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 

‘Issued as separate publication ASTM STP 
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‘covering the addition of an alternate 


method of measurement of odd-shaped 
coke buttons by an equivalent area 
method. 

A task group of this subcommittee is 
preparing a revision of the Standard 
Method of Test for Cubic Foot Weight 
of Crushed Bituminous Coal (D 
291-29) to incorporate the Koppers 
cone method of loading the measuring 
box. 

Subcommittee XXI on Methods of 
Analysis (O. W. Rees, chairman).— 
Section A on Proximate Analysis is 
continuing work on the volatile matter 
determination with special emphasis 
being placed on investigation of the 
methods under review by ISO/TC 27. 

In connection with the work on a 
method for determination of inherent 
moisture, the Bureau of Mines Report 
of Investigation 4968, entitled “De- 
termination of Moisture-Holding Ca- 
pacity (Bed Moisture) of Coal for Classi- 
fication by Rank,” by W. A. Selvig and 
W. H. Ode, is being reviewed, and copies 
of this paper have been furnished to 
ISO/TC 27. 

Copies of Bureau of Mines Report of 
Investigation 4969, entitled ‘“Determina- 
tion of Moisture in Low-Rank Coals,” 
by John Goodman, Manuel Gomez, and 
V. F. Parry, were also furnished to 
ISO/TC 27 for aid in the study of the 
general problem of determination of 
moisture. 

Section B on Ultimate Analysis pre- 
pared the tentative revision of the 
Standard Methods of Laboratory Sam- 
pling and Analysis of Coal and Coke 
(D 271 - 48), relating to the procedures 
for carbon and hydrogen determination. 

Revision of the method for nitrogen 
determination is in its fifth version, and 
Section B hopes to submit this method 
to letter ballot in the coming year. 

Section C on Miscellaneous Analyses 
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is continuing its study of the fusibility have voted affirmatively and 0 nega- 
of ash determination with special tively. 
emphasis on study of results under 
oxidizing conditions. Respectfully submitted on behalf of 
the committee, 

This report has been submitted to W. W. ANDERSON, 
letter ballot of the committee, which 
consists of 60 voting members; 57 mem- O. P. Bryscu, 
bers returned their ballots, of whom 54 Secretary. 


Chairman. 


as 


bd 
d 
a 
is 
d 
it 
. 
of 


Committee D-6 on Paper and Paper 
Products held two meetings during the 
year: on July 1, 1953, in Atlantic City, 
N. J., and on February 19, 1954, in New 
York City. The Advisory and other sub- 
committees held meetings in conjunction 
with the main committee. 

At the present time, the committee 
consists of 88 members, of whom 72 are 
voting members; 30 are classified as 
producers, 24 as consumers, and 34 as 
general interest members. 

The subcommittee structure was re- 
vised during the year and much of the 
subcommittee effort has been directed 
toward organizing the work on the new 
basis. 

Plans for a symposium on Tensile 
Testing of Nonmetallic Sheet Materials 
during the 1955 Annual Meeting are 
moving forward under Committee E-1 on 
Methods of Testing as recommended 
last year by Committee D-6. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, W. R. Willets. - 

Vice-Chairman, T. J. Gross. 
Secretary, R. H. Carter. 


STANDARD 


OF TENTATIVES AS 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard: 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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Tentative Methods of Tesi for Flat 
Crush of Corrugated Paperboard (D 1225 - 
52 T).! 

Tentative Method of Test for Water Re- 
sistance of Paper, Paperboard, and Other 
Sheet Materials by the Dry-Indicator 
Method (D'779-52T),' with revisions 
as indicated: 

Section 2.—Add a new Section 2 on 
Significance of Test as follows, and re- 
number the present Section 2 and sub- 
sequent sections: 

2. The test measures the resistance of a 
sheet of paper to the penetration of water from 
one face to the other. The test is empirical in 
that the end point is interpreted by the tech- 
nician. It is of value in all cases where paper 
or a paper container comes into contact with 
water on one face. 

Section 7—Revise Section 7 (new Sec- 
tion 8) to read as follows: 


8. Average test results by experienced opera- 
tors should agree within 15 per cent. 


Tentative Methods of Test for Ply Ad- 
hesion of Paper (D 825 - 52 T),! with re- 
visions as indicated: 

Section 2—Add a new Section 2 on 
Significance of Test as follows, and re- 
number the present Section 2 and sub- 
sequent sections: 


2. The method measures a fundamental 
property of the sheet of paper as made on a 
cylinder machine. It is useful in determining 
how well the different plies are bonded and 
adhere to each other. Poor adhesion would 
cause the plies to separate and destroy the 
sheet. The test is reproducible within +10 
per cent. 


11952 Book of ASTM Standards, Part 7. 
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Tentative Methods of Test for Zinc and 
Cadmium in Paper (D 1224 - 52 T),! with 
revisions as indicated: 

Section 2.—Add a new Section 2 on 
Significance of Test as follows, and re- 
number the present Section 2 and sub- 
sequent sections: 


2. Fluorescent zinc and cadmium pigments 
are added to some printing papers to cause 
them to fluoresce. The method measures the 
amount of the zinc or cadmium present and is 
useful in determining if these pigments have 
been added to the paper. 


Section 10(a).—Add the following 
footnote to be indicated against the words 
“porcelain plate” in line 14: 


Avoid the transfer of any uranyl ions into 
the zinc solution. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following nine tentative methods which 
have stood for two years without re- 
vision be continued as tentative: 


Tentative Method of Test for: 

Puncture and Stiffness of Paperboard, Cor- 
rugated and Solid Fiberboard (D 781 - 44 T), 

Analytical Filter Papers (D 981-51 T), 

Stretch of Paper and Paper Products under 
Tension (D 987 - 48 T), 

Water Vapor Permeability of Paper and Paper- 
board (D 988 - 51 T), 

Fiber Analysis of Paper and Paperboard 
(D 1030 - 49 T), 

Chloride Content of Paper and Paper Products 
(D 1161 - 51 T), 

Pinholes in Glassine and Other Greaseproof 
Papers (D 1221 - 52 T), 

Contrast Gloss of Paper at 57.5 Deg. (D 1222 - 
52 T), and 

Specular Gloss of Paper at 75 Deg. (D 1223 - 
52 T). 


The recommendations appearing in 
the report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.* 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Sampling and Con- 
ditioning (R. H. Lace, chairman) has 
been reviewing the Standard Method of 
Sampling Paper and Paper Products 
(D 585 - 42) in light of a proposal sub- 
mitted by Subcommittee IV, and various 
textile methods of sampling in an effort 
to develop a method of sampling that is 
accurate as well as feasible. 

Subcommittee II on Chemical Test 
Methods (E. G. Ham, chairman) has 
now been reorganized and work is being 
done which may lead to proposed re- 
visions in the Method of Test for Fiber 
Analysis of Paper and Paperboard 
(D 1030 — 49 T) and the Method of Test — 
for Chloride Content of Paper and Paper 
Products (D 1161 - 51 T). 

Subcommitiee III on Physical Test 
Methods for Paper (R. B. Hobbs, chair- 
man) has now been reorganized and 
revisions of the Method of Test for 
Bursting Strength of Paper (D 774 - 46) 
and Method of Test for Basis Weight 
of Paper and Paper Products (D 646 - 
50) are about ready for submission to 
main committee ballot. Work is being 
done which may lead to proposed re- 
visions in the Methods of Testing Ana- 


lytical Filter Papers (D981-51T), 


Method of Test for Stretch of Paper and 
Paper Products (D 987 - 48 T), Method 
of Test for Pinholes in Glassine and other 
Greaseproof Papers (D1221-52T), | 
Method of Test for Resistance of Paper 
to Passage of Air (D 726-48), and Method 
of Test for Tensile Breaking Strength of 
Paper and Paper Products (D 828 - 48). 

Subcommitiee IV on Physical Test 
Methods for Container Board (W. B. 
Lincoln, Jr., chairman) plans further — 
analysis and possibly added tests as a 
result of the round-robin testing already 
completed in conjunction with proposed 
revisions of the Method of Test for 
Puncture and Stiffness of Paperboard, 
Corrugated and Solid Fiberboard 
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(D 781-44 T). This is complicated by 
the fact that the instrument is now being 
manufactured by a different company 
and changes may be made in it. Work 
is under way on an immersion test and 
on corrugating medium testers, and a 
survey is being conducted to determine 
the degree of interest in several other 
tests. 

Subcommittee V on Specifications for 
Paper (P. F. Wehmer, chairman) is pre- 
paring a specification on Heavy Duty 
Shipping Sack Kraft Paper. 

Subcommittee VI—Editorial (L. S. 
Reid, chairman) is reviewing existing 
methods with a view towards making 
the form more uniform. All future new 
and revised methods and specifications 
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will be reviewed, edited, and “signifi- 
cance” paragraphs added where neces- 
sary by this subcommittee before being 
sent to letter ballot of the main com- 
mittee. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 72 voting members; 43 mem- 
bers returned their ballots, of whom 38 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


W. R. WILLETs, 
Chairman. 
R. H. CARTER, 


Secretary. 
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Committee D-7 on Wood met in Chi- 
cago, Ill., on March 15 and 16, 1954. The 
following subcommittee meetings pre- 
ceded the meeting of the main commit- 
tee: Subcommittee I on Specifications 
for Timber, Subcommittee VII on Wood 
Poles and Cross Arms, and Subcommittee 
XV on Structural Fiberboards. 

Twelve applicants were elected to 
membership on the committee during 
the year. There were two resignations 
and one death. 

The election of officers for the ensuing 
term of two years resulted in the selection 


of the following: 
Chairman, L. J. Markwardt. 

Secretary, L. W. Smith. 

NEw TENTATIVES 

The committtee recommends that the 
following specifications and methods of 
chemical analysis be accepted for publi- 
cation as tentative as appended hereto:! 


Tentative Specifications for: 
Modified Wood. 
Ammoniacal Copper Arsenite. 
Tentative Methods of: 

at 


Chemical Analysis of Ammoniacal Copper Ar- 
senite. 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Specification for Round Tim- 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1The new tentatives were accepted by the 
Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 4. 

2 1953 Supplement to Book of ASTM Stand- 
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ber Piles (D 25 - 53T),? be revised as 
indicated and continued as tentative: 

Section 3(a).—In line 4, delete the 
words “in most cases.” 

Section 11.—Change Note 11 to read: 

Nore 11.—Long piles for driving to lighter 
bearing values may be bought under a more 
liberal alternative specification as follows: “A 
straight line from the center of the butt to the 
center of the tip may lie partly outside the body 
of the pile, but the maximum distance between 
the line and the pile shall not exceed one-half 
per cent of the length of the pile or 3 in., which- 
ever is smaller.” 

Section 11(b)—Change to read as 
follows: (b) Class A or B piles shall be 
free from short crooks in which the 
deviation from straightness in any 5 ft 
of length anywhere exceeds 23 in. (Fig. 
1). Short crooks shall also comply with 
the requirements for sweep in Paragraph 
11(a). 

Section 13—Change the first two 
sentences to read as follows: 


Sound knots in Class A or B piles 50 ft or 


_ less in length, and in three-quarters of the length 


from the butt of Class A or B piles longer than 
50 ft, shall be no larger than 4 in. or one-third 
of the diameter of the pile at the point where 
they occur, whichever is the smaller. Sound knots 
in the remaining one-quarter of the length of | 
piles longer than 50 ft shall be no larger than 
5 in. or one-half of the diameter of the pile at 
the point where they occur, whichever is the 
smaller. 


Section 16(b).—Change to read as 
follows: 

(6) Class C piles shall be free from short 
crooks in which the deviation from straightness 
in any 5 ft of length anywhere exceeds two and 
one-half in. (Fig. 1). Short crooks shall also 
comply with the requirements for sweep in Para- 
graph 16(a). 
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TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives be continued in 
their present status pending further 
study: 

Tentative Methods of: 
Establishing Structural Grades of Lumber 

(D 245 — 49 T), 

Static Tests of Wood Poles (D 1036-49 T), 
Test for Ash in Wood (D 1102 - 50 T), 
Test for Alpha Cellulose in Cellulosic Materials 

(D 1103 - 50 T), 


_ Test for Holocellulose in Wood (D 1104 - 50 T), 
_ Test for Preparation of Extractive-Free Wood 


(D 1105-50 T), 

Test for Lignin in Wood (D 1106-50 T), 

Test for Alcohol-Benzene Solubility of Wood 
(D 1107 - 50 T), 

Test for Ether Solubility of Wood (D 1108 - 
50 T), 


_ Test for One Per Cent Caustic Soda Solubility 


of Wood (D 1109 - 50 T), 
Test for Water Solubility of Wood (D 1110- 
50 T), and 


_ Test for Methoxyl Groups in Wood and Related 


Materials (D 1165 — 51 T). 
The recommendations appearing in 


P this report have been submitted to letter 


ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Specifications for 
Timber (Lyman W. Wood, chairman) 
has continued work on the Tentative 
Specification for Round Timber Piles 
(D 25-53 T) and the revision recom- 
mended above represents the subcom- 
mittee’s conclusions with respect to this 
specification. The subcommittee next 
intends to prepare a revision of the 
Tentative Methods for Establishing 
Structural Grades of Lumber (D 245 - 
49 T). 

Subcommittee IIT on Laminated Timber 
(F. J. Hanrahan, chairman) has had 

* The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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under review the Standard Method of 
Test for Integrity of Glue Joints in 
Laminated Wood Products for Exterior 15 
Service (D 1101-53). No changes or 


fr 
modifications are recommended at this 24 
time. pe 


Subcommittee VI on Timber Preserva- $1 
tives (R. H. Bescher, chairman) has 
developed the Tentative Specifications 


for Ammoniacal Copper Arsenite and , 
the Tentative Methods for Chemical fi 
Analysis of Ammoniacal Copper Ar- a 


senite, which are recommended for pub- 
lication as tentative. 

Subcommittee VII on Wood Poles and 
Cross Arms (R. P. A. Johnson, chair- S 
man).—The principal activity of this 
subcommittee has been the inaugura- 
tion of the ASTM Wood Pole Research \ 
Program which has five broad objec- 
tives as follows: 

1. To compare the crib method with 4 
the machine method of testing full- p 
length poles. ASTM standards covering 4 
both methods have been prepared. The 1 
program provides for a comparison of 
results obtained by the two methods. ‘ 

2. To determine the strength of full- 
size poles of the most important pole 
species, as a basis for confirming or 
revising the allowable design stresses now 
in use for the several species, as may be 
found necessary. 

3. To determine the relation of the 
strength of small clear specimens of a 
species of wood to the strength of poles 
of the same species, as a means of estab- 
lishing whether tests of small clear 
specimens can be used in place of the 
more expensive tests of full-size poles as 
a basis for establishing design stresses. 

4. To obtain new information on the 
effects of knots, spiral grain, and other 
irregularities on the strength of poles. 

5. To study the effect of the commonly 
used preservative treating methods 
on the breaking strength of treated 
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The entire program involves the test- 
ing of some 600 full-size poles and some 
15,000 tests of small clear specimens cut 
from them. It is expected that the entire 
program will extend over a two-year 
period, and the cost is estimated at 
$160,000. Contributions to the program 
are being solicited from pole producers, 
pole treaters, and pole users. Sufficient 
funds have been received during the 
first year to initiate the program but 
additional contributions will be necessary 
to insure the completion of the program. 

The first species tested under the 
research program was western larch. 
Southern pine poles are now being 
collected for continuation of the tests 
which will be followed by tests of Doug- 
las fir, Western red-cedar, and lodgepole 
pine. 

Subcommitiee VIII on Modified Wood 
and Wood-Base Material (W. G. Young- 
quist, chairman) has developed the 
Tentative Specifications for Modified 
Wood, which as noted earlier in this re- 
port are recommended for publication 
as tentative. 

Subcommitiee XIII on Durability and 
Exposure has a new chairman, R. M. 
Lindgren. 
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Subcommittee XIV on Methods of 
Chemical Analysis (G. J. Ritter, chair- 
man) has developed no new or improved 
methods of chemical analysis during the 
past year. The tentative methods already 
published are recommended for continu- — 
ance as tentative. 

Subcommittee XV on Structural Fiber- 
boards (Wayne C. Lewis, chairman) 7 
has held two meetings during the past 
year. It has defined the scope of its 
activities and has two task groups 
working on (1) nomenclature and 
definitions, and (2) survey of test — 
methods. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 85 voting members; 64 mem- 
bers returned their ballots, of whom 59 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
L. J. MARKWARDT, 
Chairman. 
L. W. Smita, 
Secretary. 
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Committee D-8 on Bituminous Water- 
proofing and Roofing Materials held two 
meetings during the year: one in Atlantic 
City, N. J., on July 1, 1953, and the 
other in Washington, D. C., on February 
«4, 1954. 

The committee suffered loss through 

_ the resignation of Mr. E. I. Manning 
| _ of Esso Standard Oil Co. 

_ The membership, consisting of 75 
os voting members, is composed of 46 

producers, 12 consumers, and 17 general 
members. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
“tion of the following: 
Chairman, H. R. Snoke. 


Secretary, G. W. Robbins. 

All of the standards and tentatives 
for which Committee D-8 is responsible 
have been reviewed and recommenda- 

tions concerning them are set forth in 
this report. 


NEw TENTATIVES 
Committee D-8 recommends that the 
following specification and method of 
test be accepted for publication as 


tentative as appended hereto:! 


Tentative Specification for Woven Burlap 
Fabrics Saturated with Bituminous Substances 
for Use in Waterproofing. 

Tentative Method of Test for Staining Proper- 
ties of Asphalts (Modified Pressure Method). 


* Presented at the Fifty-seventh Annual 
_ Meeting of the Society, June 13-18, 1954. 
1The new tentatives were accepted by the 
Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 3. 
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Vice-Chairman, H.W. Greider. 


REVISION OF TENTATIVE 


The committee recommends that the 
following tentatives be revised as in- 
dicated and continued as tentative: 


Tentative Methods of Testing Asphalt 
Roll Roofing, Cap Sheets, and 
Shingles (D 228 - 48T)2 


Section 2.—Change paragraph for 
“Type X” to read as follows: 


Type X.—A single thickness of asphalt- 
saturated felt coated with an asphaltic coating 
which may be compounded with a fine mineral 
stabilizer and surfaced with powdered mineral 
matter such as talc or mica. 


Section 2.—Change paragraph for 
“Type Z” to read as follows: 


Type Z.—A single thickness of asphalt- 
saturated felt coated on the weather side for 
approximately one-half its width with an asphalt 
coating which may be compounded with a fine 
mineral stabilizer and the coated portion sur- 
faced with coarse mineral granules. 


Section 9.—Change the formula to 
read as follows: 


Weight, Ib. per 100 sq. ft. = = X 30.0 


byl 


where: 

A = weight of 30-in. sample in ounces, 

B = width of 30-in. sample in inches, and 

30 = factor for converting ounces per measured 
unit area (30 in. X B) to pounds per 100 
sq. ft.” 


Wherever the unit area of “108 sq. 
ft.” is used in this specification, change 
to “100 sq. ft.” 


21952 Book of ASTM Standards, Part 3. 
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Section 23.—Change the second sen- 
tence to read as follows: 


After cooling, add to each ash approximately 
five times its weight of saturated ammonium 
carbonate solution, let digest for one hour at 
room temperature in a covered beaker or cruci- 
ble, dry in an oven at 105 C (221 F) to constant 
weight, and record that weight as “ash.” 


Specifications for Asphalt Roofing Sur- 
faced with Mineral Granules (D 249 - 
50T)2 


Section 1.—Change to read as follows: 


1. These specifications cover asphalt roofing 
in sheet form, 36 in. in width, composed of roof- 
ing felt saturated and coated on both sides with 
asphalt and surfaced on the weather side with 
mineral granules. 


TENTATIVE REVISION OF STANDARDS 


The committee recommends the re- 
visions of the following standards as 
indicated for publication as tentative: 


Specifications for Asphalt-Saturated 
Roofing Felt for Use in Waterproofing 
and in Constructing Built-Up Roofs 
(D 226 - 47)2 


Section 9.—Change the second and 
third items of the table to read as fol- 
lows: 


15-lb. Type 30-lb. Type 
Area of roll, min. 
{rae (Note 1) 216 
Loss on heating at 
105 C. (221 F.) 
for 5 hr., max., 


Nore 1.—The number of squares or square 
feet per roll of 15-Ib. type shall be on the basis 
of agreement between the buyer and seller. 


Specifications for Coal Tar Saturated 
Roofing Felt for Use in Waterproofing 
and in Constructing Built-Up Roofs 
(D 227 - 47)? 

Section 8—Change the second item 
in the table to read as follows: 


Area of Roll....Shall be based on agreement 


between buyer and seller. 
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Specifications for Asphalt-Saturated As- 
bestos Felts for Use in Waterproofing 
and in Constructing Built-Up Roofs 
(D 250 - 47)? 


Section 9.—Change the second item 
in the table to read as follows: 


15-lb. Type 30-lb. Type 


Area of roll, min.,sq. ft... (Note 1) 216 


Norte 1.—The number of squares or square 
feet per roll of 15-lb. type shall be on the basis 
of agreement between the buyer and seller. 


Specifications for Asphalt Shingles Sur- 
faced with Mineral Granules (D 225 - 
51)? 


Table I.—After “Weight of exposed 
area per 100 sq. ft.” add new require- 
ments as follows: 


Type I | TypeIl | Type III 
|Max.,!Min .,|Max.,|Min. ,|Max.,|Min., 
Ib. Ib. | Ib. | Ib. | Ib. | Ib. 


Weight of unex- 
posed area per 


76.9)... 


ADOPTION OF TENTATIVE AS STANDARD | 
that 


The committee recommends 
the Tentative Definitions of Terms Re- 
lating to Bituminous Waterproofing 
and Roofing Materials (D 1079 - 52T)? 


be approved for reference to letter — 


ballot of the Society for adoption as 
standard without change. 


REVISION OF STANDARDS, IMMEDIATE — 


ADOPTION 


The committee recommends for im- © 
mediate adoption revisions of the follow- 
ing three standards. The revisions are 


listed below and the committee requests 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order 
that these recommendations may be 


referred to letter ballot of the Society. 7 
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Specifications for Asphalt Shingles Sur- 
faced with Mineral Granules (D 225 - 

J 
51)? 

Section 1(a)—Change to read as 
follows: 

1. (a) These specifications cover asphalt roof- 
ing in shingle form, composed of roofing felt 
saturated and coated on both sides with asphalt 
and surfaced on the weather side with mineral 
granules. 

Specification for Asphalt Roofing Sur- 
faced With Powdered Talc or Mica 
(D 224 

Section 1.—Change to read as follows: 

1. These specifications cover asphalt roofing 
in sheet form, 36 in. in width, composed of roof- 
ing felt saturated and coated on both sides with 


asphalt and surfaced on the weather side with 
powdered mineral matter such as talc or mica. 


Specification for Asphalt Siding Sur- 
_ faced With Mineral Granules (D 699- 
51)2 
Section 1(a)—Change to read as 
follows: 


1. (a) These specifications cover asphalt siding 
_in shingle form, composed of roofing felt satu- 
rated and coated on both sides with asphalt and 
surfaced on the weather side with mineral 
granules. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Committee D-8 recommends that the 
following tentatives which have been 
published by the Society for two or more 

years be continued as tentative, since 
they are being reviewed for possible 
revision to be recommended before the 
_ next Annual Meeting: 


Tentative Specification for: 


_ Asphalt Insulating Siding Surfaced with Mineral 
Granules (D 1226 - 52 T). 


ry Tentative Method of: 
: Testing Asphalt Insulating Siding Surfaced with 
_ Mineral Granules (D 1228-52 T), 


Sampling Bituminous Materials (D 140 - 52 T), 
and 


Testing Asphalt-Base Emulsions for Use as 
Protective Coatings for Built-Up Roofs 
(D 1167-51 T). 


Tentative Recommended Practice for: 


Accelerated Weathering Test of Bituminous 
Materials (D 529 - 39 T). 


AMERICAN STANDARDS 


The following standards under the 
jurisdiction of Committee D-8 are 
recommended for submittal to the 
American Standards Association for 
approval as American Standard: 


Specifications for: 


Coal-Tar Pitch for Roofing, Dampproofing, and 
Waterproofing (D 450 - 41), 

Coal-Tar Pitch for Steep Built-Up Roofs 
(D 654 - 49), 

Woven Cotton Fabrics Saturated with Bitumi- 
nous Substances for Use in Waterproofing 
(D 173 - 44), 

Asphalt-Saturated Roofing Felt for Use in 
Waterproofing and in Constructing Built-Up 
Roofs (D 226-47), 

Coal-Tar Saturated Roofing Felt for Use in 
Waterproofing and in Constructing Built-Up 
Roofs (D 227 - 47), 

Asphalt-Saturated Asbestos Felts for Use in 
Waterproofing and in Constructing Built-Up 
Roofs (D 250 - 47), 

Asphalt-Saturated and Coated Asbestos Felts 
for Use in Constructing Built-Up Roofs 
(D 655 - 47), 

Primer for Use with Asphalt in Dampproofing 
and Waterproofing (D 41-41), and 

Creosote for Priming Coat with Coal-Tar Pitch 
in Dampproofing and Waterproofing (D 43 - 
41). 


Methods of: 


Test for Steam Distillation of Bituminous Pro- 
tective Coatings (D 255 — 28), 

Sampling and Testing Felted and Woven Fabrics 
Saturated with Bituminous Substances for Use 
in Waterproofing and Roofing (D 146 — 47), 

Test for Kerosine Number of Roofing and Floor- 
ing Felt by the Vacuum Method (D 727 - 45), 

Test for Sieve Analysis of Granular Mineral 
Surfacing for Asphalt Roofing and Shingles 
(D 451-40), and 

Test for Sieve Analysis of Nongranular Mineral 
Surfacing for Asphalt Roofing and Shingles 
(D 452 - 40). 
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The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


This report has been submitted to letter 
ballot of the committee, which consists 


* The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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of 75 members; 50 members returned 
their ballots, of whom 47 have voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. R. SNOKE, 
Chairman. 
G. W. Rossins, 


Secretary. 


Committee D-9 on Electrical In- 
sulating Materials held two meetings 
during the year: in Atlantic City, N. J., 
on September 29 to October 2, 1953, and 
in Roanoke, Va., on March 24 to 26, 
1954. A meeting of the committee had 
been held during the Annual Meeting 
of the Society in Atlantic City, N. J., on 
June 29 to July 1, 1953. 

At these meetings action was taken on 
several new methods, revisions of exist- 
ing tentatives, and changes in certain of 
the standards under the jurisdiction of 
Committee D-9. Also, progress was made 
on other projects under study by the 
various subcommittees, as mentioned 


committee XIII on Mechanical Proper- 
ties was discontinued. 

Committee D-9 has unanimously 
elected R. F. Field as Honorary Member 
_ of the committee in appreciation of his 
_ long term of service and his many contri- 
butions to the committee’s work. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 

ON STANDARDS 
Subsequent to the 1953 Annual Meet- 
ing, Committee D-9 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 
Tentative Specifications for: 
Electrical Insulating Paper, Interlayer Type 
(D 1305 - 54 T). 
_ Revision of Tentative Methods of: 
Testing Hydrocarbon Waxes Used for Electrical 
Insulation (D 1168 - 51 T). 


on Presented at the Fifty-seventh Annual 
4 Meeting of the Society, June 13-18, 1954. 
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Test for Power Factor and Dielectric Constant of 
Electrical Insulating Materials (D 150-47 T). 


The new Tentative Specifications D 
1305 and the revised Methods D 1168 
were accepted by the Standards Com- 
mittee on February 23, 1954, and are ap- 
pended hereto.' 

The revised Tentative Methods D 150 
were accepted on May 18, 1954, and they 
appear in the 1954 Supplement to Book 
of ASTM Standards, Part 6. 


ProposeED METHOD TO BE PUBLISHED 
AS INFORMATION 


The committee recommends that the 
Proposed Methods of Test for Dielectric 
Constant and Dissipation Factor of 
Aviation Fuels be published as infor- 
mation as appended hereto.* 


New TENTATIVE 


Committee D-9 recommends that the 
Method of Test for Water in Insulating 
Oils by Extraction be accepted for pub- 
lication as tentative as appended hereto.’ 
The method is designed to measure the 
amount of water contained in trans- 
former oil or other high-boiling point 


oils. 
REVISION OF TENTATIVES 


The committee recommends that the 
following tentatives be revised as indi- 
cated and continued as tentative: 


1These tentatives now appear in the 1954 
Supplement to Book of ASTM Standards, Part 6. 

2 This method appears in the February, 1955, 
Compilation of ASTM Standards on Electrical 
Insulating Materials. 

%The new tentative was accepted by the 
Society and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 6. 
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Tentative Method of Test for Molded 
Materials Used for Electrical Insula- 
tion (D 48 - 52 T)* 

Section 17 (a).—Change the descrip- 
tion of the test specimen to provide for 
use of flat washers in place of cupped 
washers. To accomplish this add the 
word “flat” before “washers” in the first 
sentence; also omit the second sentence 
which reads as follows: ‘The washers 
shall be slightly cupped with the con- 
cave side placed toward the specimen.” 

Figure 1.—In the notation at the top 
of this figure omit the word “cupped” 
in describing the brass washers used with 
the test specimen. 

Tentative Method of Testing Electrical 
Insulating Oil (D 117 - 53 T):** 

New Sections—Add the following 
three new sections under the heading 
“Water in Insulating Oils”: 

56. Definition Water as determined in 
this test includes total water in the insulating 
oil. The unit of measure of the water is in parts 
per million (ppm). 

57. Significance.—The test is significant in 
that it will show the presence of water which 
may not be evident from electrical tests. 

58. Procedure.—Water shall be determined in 
accordance with the Tentative Method of Test 
for Water in Insulating Oils by Extraction 
(ASTM Designation: D 1315).’ 

Section 35.—In line 2, before “oil” 
add the word “insulating.” 

Section 36.—Change to read as follows: 

36. This method serves as a measure of the 
total constituents present in insulating oils 
that react with potassium hydroxide under the 
conditions of the test. Such constituents may 
consist of compounds resulting from the oxida- 


tion of the oil, added compounds, or contami- 
nants. 


Tentative Methods of Test for Electrical 
Resistance of Insulating Materials 
(D 257 - 52 T)*—These methods 


have been extensively revised as 


appended hereto.! 


4See Editorial Note, p. 455. 
5 1952 Book of ASTM Standards, Part 6. 
61953 Supplement to Book of ASTM 
Standards, Part 6. 
71954 ne to Book of ASTM Stand- 


445 


Tentative Methods of Testing Varnished 
Cloths and Varnished Cloth Tapes 


Used for Electrical Insulation (D 295 - _ 


52T): 

New Sections.—Add the following two 
new sections under the heading ‘“‘Volume 
Resistance”’: 


76. Definition —The volume resistance of 


varnished cloths and tapes is the ratio of the 
d-c voltage applied to the electrodes which are 
in contact with the test specimen to the portion 
of the current between them that is distributed 
through the volume of the specimen, as deter- 
mined under the prescribed conditions. 

77. Significance—The volume resistance 
test on varnished cloths and tapes is a non- 
destructive test. This test is useful in quality 
control and to supplement the data derived from 
power factor measurements. 


Tentative Methods of Test for Sludge 7 


Formation in Mineral Transformer 
Oil (D 670 - 42 T)3 


The committee recommends that the — 
Sludge Accumulation Test (Method A) — 
comprising Sections 2 to 14 be published — 
as a separate tentative method, revised — 


as appended hereto.! 
Tentative Specification for Phenolic 
Molding Compounds (D 700 - 52 T):5 


Committee D-9 joins with Committee __ 
D-20 in recommending the following re- _ 


vision: 

Table I.—In Footnote a, third line, 
following the word “determined,” add 
the words “on a molded test specimen.” 


Tentative Specifications for Vulcanized 
Fibre Sheets, Rods, and Tubes Used for | 
Electrical Insulation (D 710-52 


Table III.—Replace the specified 
maximum water absorption for each 
thickness range by a maximum value for 
each industrial thickness as follows: 


Maximum Water Absorption Sheets 
(Bone Grade) 


_ Nominal thickness, in. Change in weight, per cent -. 
hr 


55 
20 48 
17 42 
14 37 
11 27 


} 


Sheets (Commercial Grade and Electrical 


Insulation Grade) 
Nominal thickness, in. in wei cent 

EAR 35 61 
24 56 
20 52 
15 43 
ll 31 
10 27 
_ 8 21 
8 18 
8 17 
8 17 


Appendix.—Add the following to 
Section A2, designating the present par- 
agraph as A2(a): 


(b) Typical values for modulus of elasticity in 
flexure for 4-in. vulcanized fibre are: 


Direction Modulus, psi 
Machine Direction.............. 1 000 000 
Cross Direction................ 700 000 


Tentative Recommended Practices for 
the Purchase of Uninhibited Mineral 
Oil for Use in Transformers and in Oil 

Circuit Breakers (D 1040 - 49 
Table I.—Make the following addi- 

tion to the screening specifications in 

Table I: 


Speci ASTM 
Property Value | Method 
Interfacial Tension. ....... D 


*Standard Method of Test for Interfacial 
Tension of Oil Against Water by the Ring 
Method (ASTM Designation: D 971). 

4The normally expected range of interfacial 
tensions falls within the limits of 35 to 55 
dynes per cm. A range may be established for 
oil from any industrial supplier. 


_ Tentative Method of Test for Insulation 
Resistivity of Electrical Insulating 
Oils of Petroleum Origin (D 1169 - 
52 

New Appendix.—Add as Appendix I 
_ the present Appendix ITI entitled “Cells 
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Used for Measuring Power Factor and 
Dielectric Constant of Insulating Ligq- 
uids” of the Tentative Methods of Test 
for Power Factor and Dielectric Con- 
stant of Electrical Insulating Materials 
(D 150 - 47 T). 

Tentative Specifications for Enclosures 
and Servicing Units for Tests Above 
and Below Room Temperature 
(D 1197-52 T): 

Table I.—Change the Time Constant, 
max, sec. for Grade A from “50” to 
200,” and for Grade B from “75” to 
“975,” 

Section 8(a).—After the third sentence 
add the following: “A recording instru- 
ment of equal deflection sensitivity may 
also be employed.” In line 19, change 
“10 min.” to “15 min.” 

Section 8(b)—Change the second 
sentence to read as follows: 


One junction shall be positioned within 2 in, 
of the locations of the specimen to be tested and 
the second placed successively at the approxi- 
mate center of each cubic foot of available work 
space (except that for chambers containing 
less than 4 cu ft., the second junction shall be 
placed at the center of each 6-in. cube. 


Section 8(e).—Change the first sen- 
tence to read as follows: 


Temperature drift shall be determined by 
means of the “standard specimen” or of an 
instrument of equal or greater thermal inertia, 
except that a device of lower thermal inertia 
may be used provided that the temperature is 
taken as being the mean of the highest and low- 
est temperatures observed over a 15-min. period. 


Change the last sentence to read as 
follows: 
The temperature drift shall be the maximum 


deviation of any subsequent reading (or mean 
reading) from the original 2-hr. reading. 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends tentative 
revisions of the following standards as 
indicated. Additional tentative revisions 
of Methods D 348 and D 349 will be sub- 
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mitted to the Standards Committee.‘ 

These comprise changes in scope and 

addition of definitions and statements 

on significance of the various test pro- 
cedures covered. 

Standard Methods of Testing Sheet and 
Plate Materials Used for Electrical 
Insulation (D 229 - 49) 35 
Section 12.—Change Paragraph (a) to 

read as follows: 

4 12. (a) For tests made in the flatwise direc- 

) tion on sheets 1 in. in thickness or over, the 

test specimen shall be in the form of a 4 by 4 

by 1-in. right parallelepiped, with the 1-in. 

, length being parallel to the thickness of the 

sheet; the ends of which are machined or 

ground flat and perpendicular to the 1-in. axis. 


Add the following new Paragraph (6) 
and reletter the present Paragraph (6) 
1 as (c): 

(b) For tests made in the edgewise direction 
on sheets }4 in. in thickness or over, the test 
specimen shall be in the form of a 4 by 4 by 
1-in. right parallelepiped, with the 1-in. length 
being perpendicular to the thickness of the 
sheet; the ends of which are machined or ground 
flat and perpendicular to the 1-in. axis. 


ow 


Section 13—Change Paragraphs (a) 
and (5) to read as follows: 
- 13. (a) For sheets }4 in. in thickness or over, 
five specimens shall be tested in the condition 
in which they are received with the load applied 
y flatwise, five specimens with the load applied 
n edgewise-lengthwise of the sheet, and five speci- 
My mens with the load applied edgewise-crosswise 
a of the sheet. 
s (0) For sheets less than }4 in. in thickness, 
jo five specimens shall be tested in the condition 
. in which they are received with the load applied 
flatwise of the sheet. 


Add the following new Paragraphs 
(c) and (d), and revise and reletter the 
n present Paragraph (c) as (e): 


(c) Specimens that break at some obvious 
fortuitous flaw shall be discarded and retests 


S made, unless such flaws constitute a variable, 
the effect of which it is desired to study. 

e (d) Results (on specimens) that deviate mar- 

s kedly from the mean. value of all tests shall be 


retained unless Paragraph (c) applies. In this 
case additional tests shall be run, the exact 
a number to be fixed by the desired (statistical) 
significance level. 
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(e) The crosshead speed of the testing ma- 
chine shall be 0.050 in. per min when the machine 
is running idle. 

Section 2—Change the definitions for 
“Lengthwise” and “Crosswise” to read 
as follows: 

Lengthwise (LW).—In the direction of the 
sheet known to be stronger in flexure. 

Crosswise (CW).—In the direction of the 
sheet known to be weaker in flexure and shall _ 
be 90 deg to the lengthwise direction. 

Delete the Note at the end of this 
section. 

Standard Methods of Testing Lam- 
inated Tubes Used for Electrical In- 
sulation (D 348 - 52): 

Section 10.—Add the following new 
Paragraphs (b) and (c), and revise and 
reletter the present Paragraph (5) as (d): — 

(b) Specimens that break at some obvious 
fortuitous flaw shall be discarded and retests 
made, unless such flaws constitute a variable, 
the effect of which it is desired to study. 

(c) Results (on specimens) that deviate 
markedly from the mean value of all tests shall 
be retained unless Paragraph (5) applies. In 
this case additional tests shall be run, the exact — 
number to be fixed by the desired (statistical) 
significance level. 

(d) The crosshead speed of the testing ma- 


is running idle. 
Standard Methods of Testing Lam- 
inated Round Rods Used for Electrical 
Insulation (D 349 - 
Section 13.—Change Paragraphs (a) 
and (8) to read as follows: 
13. (2) Samples shall be tested in the con- __ 
dition in which they are received. For rods 
¥ to 1 in. in diameter, the test specimen shall 
have a diameter equal to the diameter of the 


rod and length conforming to the following 
requirements: 


16 to 8 
if | | 16 to 8 
2 | 16 to8 


(b) For rods over 1 in. in diameter, specimens _ 
shall be standard 44 by by 1-in. right paral- 
lelepipeds cut from the rods so as to be repre- 
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"sentative of its cross-section both at the center 
and near the edges. 


Section 14.—Add two new Paragraphs 
(b) and (c) and revise the present Para- 
graph (5) (new Paragraph (d)) to read 
as follows: 

(b) Specimens that break at some obvious 
fortuitous flaw shall be discarded and retests 
made, unless such flaws constitute a variable, 
the effect of which it is desired to study. 

(c) Results (on specimens) that deviate mar- 
kedly from the mean value of all tests shall be 
retained, unless Paragraph (5) applies. In this 
case additional tests shall be run, the exact 
number to be fixed by the desired (statistical) 
significance level. 

(d) The crosshead speed of the testing ma- 
chine shall be 0.050 in. per min when the machine 
is running idle. 

Standard Methods of Test for Power 
Factor and Dielectric Constant of 
Electrical Insulating Oils of Petroleum 
Origin (D 924 - 49) 

New Appendix.—Add as Appendix I 
the present Appendix III entitled “Cells 
Used fo~ Measuring Power Factor and 
Dielectric Constant of Insulating Liq- 
uids” of the Tentative Methods of Test 
for Power Factor and Dielectric Con- 
stant of Electrical Insulating Mate- 
rials (D 150 - 47 T). 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following three tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard: 


Tentative Specifications for: 


Natural Block Mica and Mica Films Suitable 
for Use in Mica-Dielectric Capacitors 
(D 748 - 52 T),** 

Orange Shellac and Other Indian Lacs for Elec- 
trical Insulation (D 784 - 52 T).5 


Tentative Methods of Test for: 


Sludge Formation in Mineral Transformer Oil 
(D 670 - 42 T).5 The committee recommends 
the High-Pressure Oxidation Test (Method 
B) for adoption as standard, revised as ap- 


pended hereto,* Method A being continued as 


tentative in revised form as indicated above. 


® The new standard was accepted by the So- 
ciety and appears in the 1954 Supplement to 


Book of ASTM Standards, Part 6. 
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ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
tentative revisions' of the Standard 
Method of Test for Power Factor and 
Dielectric Constant of Natural Mica 
(D 1082 - 51),5 comprising new Sections 
2 and 8, be approved for reference to 
letter ballot of the Society for a 
as standard. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends, jointly 
with Committee D-20, that the following 
revision of the Standard Methods of Con- 
ditioning Plastics and Electrical Insulat- 
ing Materials for Testing (D 618 — 53)5 
be approved for reference to letter ballot 
of the Society and requests the nine- 
tenths affirmative vote for immediate 
adoption: 

Section 4.—In Paragraph (6), line 8, 
delete the words “(or other suitable 
desiccant).” 

Add to Note 3 the following sentence: 
“Other enclosures, desiccants, or desic- 
cating techniques may be used which 
produce and maintain an atmosphere 
equivalent to that over anhydrous cal- 
cium chloride.” 

In Paragraph (c), which covers Pro- 
cedure C for conditioning prior to test, 
add the following new Note 5, renumber- 
ing the subsequent notes accordingly: 

Norte 5.—It has been found that, for certain 
tests and materials, more reliable data are ob- 
tained in enclosures with circulating air rather 
than still air. In such cases enclosures with 
circulating air should be used. 

In Paragraph (f), which describes 
Procedure F for conditioning prior to 
test, add as a new Note 9 the same note 
as Note 5 given above. 


OF STANDARD AND 
REVERSION TO TENTATIVE | 
The committee joins with Committee 


D-20 in recommending that the Standard 
Method of Test for Water Absorption of 
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Plastics (D 570 — 42)® be revised as fol- 
lows and reverted to tentative: 

Section 4.—Delete the words “weighed 
individually and then.” 

Change the last word in Paragraph 
(a) from “reweighed” to “weighed.” 

Section 7.—Change Item (2) to read: 
“The conditioning time and tempera- 
ture.” 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives be continued with- 
out change for an additional year while 
work is in progress: 
Tentative Methods of Test for: 
Saponification Number of Petroleum Products 

by Color-Indicator Titration (D 94 - 52 T), 
Varnishes Used for Electrical Insulation (D 

115-52aT), 

Varnished Cloths and Varnished Cloth Tapes 
Used for Electrical Insulation (D 295 - 52 T), 
and 

High-Voltage Low-Current Arc Resistance of 
Solid Electrical Insulating Materials (D 495 - 
48 T). 


Tentative Specifications for: 


Black Bias-Cut Varnished Cloth and Varnished 
Cloth Tape Used for Electrical Insulation 
(D 373 - 51 T), and 

Absorbent Laminating Paper for Electrical 
Insulation (D 1080 - 52 T).* 


CONTINUATION OF TENTATIVE REVISIONS 


The committee recommends that the 
tentative revision of the Standard 
Method of Testing Flexible Varnished 
Tubing Used for Electrical Insulation 
(D 350 — 48), and the Standard Methods 
of Test for Dielectric Strength of Elec- 
trical Insulating Materials at Commer- 
cial Power Frequencies (D 149-44) be 
continued for an additional year while 
work on the methods is in progress. 


CHANGE IN JURISDICTION 


The committee recommends that the 
Recommended Practices for Maintaining 
Constant Relative Humidity by Means 
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of Aqueous Solutions (D 1041 — 51)* be 
transferred from the joint jurisdiction of 
Committee D-9 and Committee D-20 
on Plastics to the jurisdiction of Commit- 
tee E-1, since the recommended practice 
is of a general nature, The standard will 
be given an “E” designation. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee I on Insulating Var- 
nishes, Paints, and Lacquers (A. H. _ 
Haroldson, chairman) has prepared pro- 
posed Tentative Methods of Test for 
Silicone Insulating Varnish,‘ and = 
recommended the adoption as standard 
of Tentative Specifications D 784. 

The name of Section G was changed 
from “Heat Endurance” to “High- 
Temperature Properties and Thermal 
Stability.” 

Section C on Laminating Varnishes 
(A. H. Haroldson, chairman).—Round- 
robin tests using the constant tempera- 
ture wax bath developed by E. R. 
Andrews were conducted by two labora- 
tories. Good agreement was obtained 
with the tests conducted at 170 C. The 
results indicate that a temperature of 
165 or 170 C should be used for the de- 
termination of set time of phenol- 
formaldehyde laminating varnishes. On 
the basis of these results it was decided 
to conduct another round-robin test 
program which was started in January, 
1954, with six members participating. 

Section D on Silicone Varnishes (J. S. 
Hurley, chairman).—Considerable time 
was devoted to studying the round- 
robin test results on the effect of elevated 
temperatures on the dielectric strength of 
silicone varnish impregnated heat-cleaned 

® The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters, 
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glass cloth tape. The work on this prob- 
lem has not been completed. 
A comparison of the dielectric strength 
data submitted by five laboratories 
in the round-robin test 
] program indicated the necessity for 
further study. 
j A task force was appointed to re- 
_ check the method of drainage using a 
definite thickness foil. 
_ Section G on High-Temperature Prop- 
erties and Thermal Stability (H. K. 
_ Graves, chairman).—A number of mem- 
4 bers expressed interest in active partici- 
- pation in the new work that is planned 
_ for Section G to study new methods for 
evaluating the effect of elevated tempera- 
tures on the electrical and physical 
- properties of varnish films. Section G 
_ will cooperate with other sections on 
problems pertaining to high-tempera- 
ture properties and thermal stability. 
Section J on Physical Properties 
(K. N. Mathes, chairman) has sent out a 
questionnaire to obtain information and 
classify the methods which are being 
used in the industry for the determina- 
tion of viscosity of electrical insulating 
varnishes. 
A program has been planned, in co- 
operation with Sections A and B, to 
_ classify electrical insulating varnishes ac- 
cording to uses and applications. Use 
statements have been prepared on al- 
cohol soluble varnishes and oxidizing 
air-drying varnishes. 

Section K on Definition and Signifi- 
cance of Tests (R. W. Nye, chairman) 
prepared the recommendation that the 
scope of the types of varnishes for which 

tests are available be enumerated in the 
- first paragraph of the Methods of Test- 
ing Varnishes Used for Electrical In- 
sulation (D 115 - 52a T) and that no at- 
tempt be made to formulate fundamental 

_ definitions of what constitutes electrical 
_ insulating varnishes. It was suggested 


that footnotes be used to cover other 
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types of varnishes that might be con- 
sidered to fall under this general type of 
varnishes. 

Subcommittee III on Plates, Rods, 
Tubes and Molded Material (E. A. Rus- 
sell, chairman).—Work is under way on 
the preparation of specifications for high- 
temperature tubing based on round- 
robin tests on the heat aging of plastic 
tubing at 130 C. 

Significance statements were prepared 
for Methods D 348 and D 349. A revision 
of Specifications D 700 on Molding 
Compounds is being prepared to include 
new types comprising rubber-modified 
phenolic molding compounds. 

Consideration is being given to the 
possibility of the use of roller electrodes 
for dielectric strength testing of entire 
areas of sheet materials. A proposed pro- 
cedure for cleaning specimens for insula- 
tion resistance testing was submitted to 
letter ballot of the subcommittee and re- 
ferred to Subcommittee XII. 

Section Q on Mechanical Properties 
(P. Brown, chairman) is being discon- 
tinued and Committee D-20 will have 
sole jurisdiction over mechanical testing 
procedures. Committee D-9, through Sub- 
committee ITI, will be represented on the 
D-20 subcommittees involved. 

Two new sections have been created: 
Section X on Polyester Glass Molded 
and Laminated Materials, and Section Y 
on Heat Stability and Heat Resistance. 

Subcommitiee IV on Liquid Insula- 
tion, (F. M. Clark, chairman) has con- 
tinued its various studies on the testing 
of liquid insulating materials during the 
past yea™. More than ten years ago a 
cooperative program of testing three 
grades of mineral insulating oil and co- 
ordinating the performance of these oils 
in actual service was undertaken. These 
transformers are now being terminated 
and the final reports on the apparatus 
and oils which were in this service will 
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be available this coming year. Other 
| transformers containing reclaimed oil 
| are continuing under observation with 
periodic testing of samples drawn from 
the apparatus. 

The examination of several proposed 
test procedures for evaluating the sludge 
forming properties of both straight and 
inhibited mineral insulating oils is being 

continued, and a further study is now 
under way to evaluate the use of soluble 
, metal catalysts as oxidizing media. This 
. | latter work embraces the European 
’ technique suggested by Technical Com- 
mittee 10 of the International Electro- 
technical Commission, of which the 
; chairman of Subcommittee IV is a 
member. 
‘ The Tentative Methods of Test for 
: Sludge Formation in Mineral Trans- 
4 former Oil (D 670 - 42 T) have now been 
separated into two methods, each with 


bomb test (Method B) adopted as a 
, standard method, and the sludge ac- 
r cumulation test (Method A) continued 
as tentative. 

B The Method of Test for Water in 
7 Insulating Oil by the Extraction Method 
. has been prepared by Subcommittee IV. 
Work is being continued on the standard- 
ization of a second method using the 
Karl Fisher reagent and electrometric 
titration. 

The subcommittee’s active section 
“ groups have been increased to twenty- 
“a one by the formation of Section K to 
g study viscosity measurements of trans- 
e former and switch oils at low tempera- 
a tures, and Section P to study the de- 
€ termination of peroxides in insulating 
i oils. In addition, Section J on Gas Con- 


is tent has been reactivated to study the 
. application of this test procedure to 
d cable oils at the request of Section F, 
‘ which is continuing its work on the de- 
1! velopment and application of tests for 


cable oil evaluation. 
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its own number, with the high-pressure - 


Statements on significance and defi- 
nition of tests on askarels have been 
approved and have been added to the 
Tentative Methods of Testing Askarels 
(D 901-53 T). This revised standard 
has been recommended for approval as 
American Standard. Tentative Methods 
of Testing Electrical Insulating Oils 
(D 117-53T) have been revised and 
recommended for approval as American 
Standard.‘ 

Other recommended changes in exist- 
ing methods being offered for letter ballot 
approval are the Tentative Recom- — 
mended Practice for the Purchase of 
Uninhibited Mineral Oil for Use in 
Transformers, and in Oil Circuit Break- 
ers (D 1040 — 49 T) to include a reference 
to interfacial tension, and additions to 
the Standard Method of Test for Power 
Factor and Dielectric Constant of Elec- 
trical Insulating Oils of Petroleum Ori- 
gin (D 924-49). A new Tentative 
Method of Test for Corrosive Sulfur in 
Electrical Insulating Oils (D 1275 - 53 T) 
was issued last year. 

Section activities continuing will deal 
with methods for determining metals in 
oil, sampling, steam emulsion number, 
transformer oil additives, dielectric 
strength, and interfacial tension. 

No symposium on insulating oil was 
planned for the past year, but technical 
papers on inhibitor additives by eminent 
foreign technical representatives are 
anticipated for the fall meeting. 

Subcommittee VI on Solid Filling and 
Treating Compounds (W. R. Dohan, 
chairman).—The Tentative Methods of 
Testing Hydrocarbon Waxes Used for 
Electrical Insulation (D 1168-51 T) 
were revised! during the year to include 
an alternative method of measuring 
viscosity, and several notes were added 
to assist in the use of the various tests. 

A second draft of proposed revisions of 
the Standard Methods of Testing Solid 
Filling and Treating Compounds 


(D 176 - 44) was acceptable in part, but 
the electrical test methods did not meet 
the subcommittee’s approval. The elec- 
trical tests, while satisfactory for asphal- 
tic compounds for which the methods 
were originally intended, will not give 
reliable results with waxes or similar 
_ materials with relatively high solidifica- 
tion shrinkage. Section A will undertake 


- alternative methods for such materials. 


Section E on Scope and Significance 
(R. H. Titley, chairman) conducted a 
survey of consumer interpretation of the 
significance of tests in Methods D 176, 
but a poor response was obtained. A 
_ survey of the methods in actual use by 
members of Subcommittee VI showed 
that physical tests were widely used but 
electrical tests were in active use in only 
a few companies. 

Section F on Polymerizable Em- 
bedding Materials (H. K. Graves, 
chairman) has made further progress in 
the preparation of methods of test for 
these materials. It is anticipated that 
the materials will eventually supersede 
the more conventional types in a great 
number of applications. 

Sections B and C on Chemical and 
Physical Properties of Waxes were dis- 
charged since a subcommittee of Com- 
mittee D-2 on Petroleum Products and 
Lubricants is actively working in this 
field. 

Subcommittee VII on Insulating Fab- 
rics (H. K. Graves, chairman) has under 
way a major revision of the Tentative 
Methods of Testing Varnished Cloth and 
Varnished Cloth Tapes for Electrical 
Insulation (D 295 - 52 T). Negative bal- 
lots in the responsible section have been 
reconciled and it is expected that the 
rewrite will be ready shortly for subcom- 
mittee letter ballot. The method will con- 
tain definition and significance state- 
ments. 

Revisions of the Standard Methods 
of Testing Flexible Varnished Tubing 
(D 350-48) and the Tentative Specifi- 
cation for Flexible Treated Cotton and 
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Rayon Sleeving (D 372-47T) have 
been completed. Work will be started 
shortly on methods for silicone rubber 
glass fiber sleeving. 

A draft of specifications for varnished 
glass fabrics and tapes has been written 
but has not as yet received Section D 
approval. Work is under way on methods 
for silicone rubber glass fabrics and on 
“Teflon” glass fabric. 

A complete revision of the Tentative 
Methods of Testing Pressure-Sensitive 
Adhesive Tapes (D 1000 - 48 T) is under 
way, and it is expected that the revision 
will contain definitions and significance 
statements as well as methods for “elasto- 
plastic” pressure-sensitive tapes. Ther- 
mosetting electrical adhesive tapes are 
also being considered and methods will 
be worked on soon. 

A new Section F on Heat Stability has 
been formed and has completed a paper 
based on the section’s work for pres- 
entation at the June symposium being 
sponsored by section K of Subcom- 
mittee XII. A program of immediate 
work for the section has been agreed 
upon and the program will get under 
way immediately in view of the wide in- 
terest in heat stability of insulating 
materials. 

The subcommittee has reviewed seven 
NEMA specifications on varnished 
fabrics and has started work to prepare 
ASTM standards for these materials 
where such do not exist. 

Subcommitiee VIII on Insulating 
Papers (H. A. Anderson, chairman).— 
The major accomplishment was the com- 
pletion of the Tentative Specifications 
for Electrical Insulating Paper—Inter- 
layer Type (D 1305 — 54 T).' The stand- 
ard covering untreated paper for use in 
coils and transformers represents the 
second of the three contemplated in- 
sulating paper specifications, with that 
on Absorbent Paper for Laminates 
(D 1080 - 52 T)* now in use, and one on 
capacitor tissue in preparation. a 
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Section A on Chemical Tests (J. I. 
Adams, chairman) is cooperating with 
the Joint D6-D9 Committee on Paper 
in reviewing the Methods D 202 for 
determination of pH of unbuffered papers 
and analytical methods for water soluble 
chlorides. Evidence to date indicates 
variable test results may be due to 
failure to observe specified details of the 
pH analysis, including controlled nitro- 
gen bubbling time. Cooperative work is 
also in progress on air resistance methods 
to supplement the coverage for relatively 
open papers now provided by Method 
D 726. A draft of proposed methods for 
porosity of medium and tight sheets 
has been circulated to the subcommittee 
for comments. 

Section B on Physical Tests (E. G. 
Ham, chairman) has already begun 
work on revision of Methods D 202 - 53 T 
to include methods for measurement of 
surface friction (paper to paper) and 
wet tensile strength (using the Finch 
stirrup). Surface friction is of importance 
in cable core wrap papers and wet tensile 
strength is necessary in absorbent paper 
which is impregnated in the manufac- 
ture of phenolic laminates for electrical 
insulation. 

Section C on Mechanical Strength 
(P. F. Wehmer, chairman) has prepared 
a draft of test methods for measuring 
the elongation of creped papers. Agree- 
ment between various laboratories is 
presently rather poor, due chiefly to 
changes in the amount of unfolding 
which takes place in mounting the 
creped paper in the jaws of the testing 
machine. A frame of pressure-sensitive 
tape on the test specimens is under con- 
sideration and the section is also con- 
sidering the merits of floating the creped 
paper on the surface of water (as used 
in specifying creped paper for making 
cigarette filters). 

Section F on Specifications for Insulat- 
ing Paper (H. A. Anderson, chairman) 
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tensile strength and air-resistance values 
now appearing in Specifications D 1080 - 


52 T on Absorbent Paper* in order to ease 


slightly those requirements which paper 
mills are presently having difficulty in 
meeting consistently. A new draft of a 
specification on Kraft capacitor tissue 
type of insulating paper has also been 
circulated in the subcommittee. This 
draft includes dielectric strength and 
conducting path limits, but it has been 
decided not to attempt to include ac- 
celerated life requirements on capacitor 
units (as a test of the paper) pending 
standardization and increased availabil- 
ity of accelerated life test equipment. 
At one of its meetings, the section wit- 
nessed a demonstration of a new con- 
ducting path test set which automatically 
counts and marks the location of con- 
ducting particles. 

Subcommittee IX on Mica Products 
(K. G. Coutlee, chairman).—Definite 
progress is being made in the develop- 
ment of physical standards of natural 
mica which will serve to illustrate the 
eleven quality levels of Specifications 
D 351. A single composite sample finally 
has been agreed upon which will be 
suitable for classifying mica regardless 
of source or basic color. The standard 
will be cut to the largest usable rectangle 
by which physical quality is judged and 
mounted between clear plastic sheets 
for protection during use. 

Specification D 748 - 52 T was revised 
last year to bring it up to date and in- 
clude certain technical improvements 
and is now being recommended for 
adoption as standard.‘ 

The proposed revision of Methods 
D 352 on Pasted Mica is under way and 
a considerable amount of activity and 
interest in this project is being shown 
by members of Section B. 

Section D on Significance (C. L. Craig, 
chairman) is preparing significance state- 
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_ ments for the various mica specifications 
and test methods. 

A new Section E on High-Tempera- 
ture Properties has been organized and 
- plans to start work in the near future. 
Subcommittee XII on Electrical Tests 
_(G. M. L. Sommerman, chairman) pre- 

_ pared the revision of Tentative Method 
~D 150, which has been accepted by 

- the Administrative Committee on Stand- 
ards. It also prepared the Method for 
Measurements of Dielectric Constant 
and Dissipation Factor of Aviation 
Fuels, which is recommended for publica- 

_ tion as information,? as well as the revi- 
sion of Tentative Method D 257. 

Section A on Resistivity (A. H. Scott, 

_ chairman) and Section C on Dielectric 

Loss (R. F. Field, chairman) have been 

active in preparing the revisions to 

_ Methods D 257 and D 150, respectively. 

_ Section E on Dielectric Strength 
(R. W. Chadbourn, chairman) has pre- 
- pared revisions of Method D 149 - 44 and 
_@ proposed new Tentative Method for 
Dielectric Proof Voltage Testing of 
Thin Solid Electrical Insulating Ma- 
- terials which will be submitted to letter 
ballot. 
Section G on Arc Resistance (Thomas 


of Method D 495 - 48 T. This section 


_ plans to hold a special one-day meeting 


Section H on Electrodes (K. G. Cout- 
lee, chairman) completed the prepara- 
tion of a proposed new method on avia- 
_ tion fuels. This section is studying the 
problem of specifying electrodes for 
electrical tests on thin films. 
Section K on High-Temperature Per- 
_ formance (K. N. Mathes, chairman) has 


arranged for a Symposium on Tempera- 
i 


ture Stability of Electrical Insulating 
Materials” at the Annual Meeting in 
- June. A number of subcommittees have 
set up sections on high-temperature 
"Performance of their materials. Mr. 


Issued as separate ASTM 
No. 161. 
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Mathes reported that, at a meeting of 
Subcommittee 2C on Classification of 
Insulating Materials IEC-TC-2 on Ro- 
tating Machinery in London, it was 
agreed that temperature classification 
will be described by general definition 
rather than by lists of materials. This 
will be discussed further at the IEC 
meeting in Philadelphia in September, 
1954. 

A proposal to start work on corona 
testing of materials, including the resist- 
ance of materials to corona or ionization, 
was favorably received. A group under 
the interim leadership of E. B. Curdts 
will explore this activity, including scope 
and significance of tests, and will report 
at the next meeting. 

Subcommitiee XIV on Conditioning 
(A. C. Webber, chairman) has continued 
active work on the methods under its 
jurisdiction. The general conditioning 
method (D 618) has been revised twice 
to improve its usefulness and increase 
its specificity. The Specifications for 
Enclosures and Servicing Unit for Tests 
Above and Below Room Temperature 
(D 1197 - 52 T) have been studied in- 
tensely by the section and equipment 
manufacturers. This work has led to 
two revisions and further work is in 
progress. The Standard Methods of 
Maintaining Relative Humidity by 
Measurement of Aqueous Solutions 
(D 1041 —- 51) is of sufficient general 
interest to the Society that it has been 
transferred to the jurisdiction of Com- 
mittee E-i1 on Methods of Testing 
for publication as an “E” standard. 

Work is continuing on the important 
problem of measurement of humidity in 
small enclosures. 

Subcommitiee on Symposium (L. B. 
Schofield, chairman).—No symposia 
were held during the meetings at Atlantic 
City, N. J., or Roanoke, Va. However, 
work has been in progress in setting up 
the symposium for the June meeting 
in Chicago, Ill., on the subject of Tem- 
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perature Stability of Electrical Insulat- consists of 177 members; 112 members 
ing Materials. K. N. Mathes, chairman returned their ballots, of whom 79 
of Section K of Subcommittee XII, has have voted affirmatively and 0 nega- 
had the chief responsibility in formulat- _ tively. 
ing this program.” 
During the past year another Sym- 
posium on Insulating Oil sponsored by the committee, 
Subcommittee IV has been outlined. Pe 
This symposium is planned for the fall P 
of 1954. 
This report has been submitted to 8. E. Ety, 
letter ballot of the committee, which Recording Secretary. 
Eprrorrat Nore 


Subsequent to the Annual Meeting, Committee D-9 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


Tentative Methods of Test for: 

Silicone Insulating Varnishes (D 1346 — 54 T). T 
Revision of Tentative Methods of Testing: 

Electrical Insulating Oils (D 117 - 53 T). 


Revision and Reversion to Tentative of Standard Specification for: 


Natural Block Mica and Mica Films Suitable for Use in Fixed Mica-Dielectric 
Capacitors (D 748 — 54). 


These recommendations were accepted by the Standards Committee on September 
28, 1954; the new Methods D 1346 and the revised Specification D 748 appear in the 
1954 Supplement to Book of ASTM Standards, Part 6, and the revised Methods D 117 
appear in Parts 5 and 6 of the 1954 Supplement. 

On December 22, 1954, the Administrative Committee on Standards accepted the 
following recommendations submitted by Committee D-9: 


Revision of Tentative Specifications for: 
Non-Rigid Polyvinyl Tubing (D 922-52 T), and 
Absorbent Laminating Paper for Electrical Insulation (D 1080-52 T). 
Revision of Tentative Method of: 


Testing Vulcanized Fiber Used for Electrical Insulation (D 619 — 52 T), 
Testing Non-Rigid Polyvinyl Tubing (D 876-52 T), and 
Test for Silicone Insulating Varnishes (D 1346 - 54 T). 


Tentative Revision of Standard Methods of: 


Testing Laminated Tubes Used for Electrical Insulation (D 348 — 52), 
Testing Laminated Round Rods Used for Electrical Insulation (D 349 — 52), and 
Sampling Electrical Insulating Oil (D 923 — 49). 
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The revised tentatives and tentative revisions of standards appear in the 1954 Sup- 
plement to Book of ASTM Standards, Part 6, and in the February, 1955, Compilation 


of ASTM Standards on Electrical Insulating Materials. 
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APPENDIX 


The dielectric constant of an insulating 
material is the ratio of the parallel capaci- 
tance, C,, of a given configuration of elec- 
trodes with the material as the dielectric, 
to the capacitance, C,, of the same elec- 
trode configuration with a vacuum as the 
dielectric. 


Implicit in this definition is the condition 
that the material must extend to infinity 


in all directions. 
GUARD-ELECTRODE SYSTEM 


+ In any attempt to determine the dielec- 


tric constant of a material by measuring 
these two capacitances, several kinds of 
errors can occur. Obviously the material 
cannot extend to infinity, and the electrodes 
must be supported by a rigid insulating 
material, which itself contributes a capaci- 
tance. These difficulties are approximately 
overcome by the use of a guard electrode 
and a complete guard shield, shown sche- 
matically in Fig. 1 for parallel circular 
electrodes. Guard electrodes can equally 
well be applied to cylindrical electrodes. 
Moon and Sparks (1)* have shown that, 
when the width, c, of the guard electrode is 
greater than 2.5 times the spacing, ¢, of the 
electrodes, the capacitance between the 
measuring electrodes is within 0.01 per cent 
of that which would hold if the guard elec- 


1 Watertown, Mass.; formerly with General 
Radio Co., Cambridge, Mass. 

2? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 478. 


ERRORS OCCURRING IN THE MEASUREMENT 
OF DIELECTRIC CONSTANT 


By Rosert F. Frerp! 
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trodes extended to infinity. When c is only 
twice ¢, the error increases to —0.2 per cent, 
and to —0.8 per cent for ¢/t equal to 1.5. 
However, since this error is essentially in- 
dependent of the dielectric constant of the 
medium, the error in dielectric constant, 
as calculated from Eq 1, will be vanishingly 
small. 

When liquids are measured, it is gener- 
ally unnecessary to evacuate the cell, since 
the dielectric constant of air is known to 


Guarded 
Electrode 


Guord 
Electrode 


Unguorded 
Electrode 


Fic. 1.—Three-Terminal Cell. 


better than 0.001 per cent (2-6). The di- 
electric constant of dry air at 23C and 
760 mm Hg pressure is 1.000530. At other 
Centigrade temperatures, T, and Hg pres- 
sures, P, and for different fractional relative 
humidities, H, within the temperature 
range 10 to 27C, its divergence from 
unity is: 

296 
273 + T7600 


+ 0.00025 H... (2) 


K — 1 = 0.00053 


: 
K = C,/ 
- 
G 
9 
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An alternative to measuring the capaci- 
tance between the measuring electrodes 
consists in calculating their direct inter- 
electrode vacuum capacitance, C,, which 
for a circular electrode of diameter, d, is: 


0.06954 wuf(em) 


para = 0.17663 = wufin.). .. 3) 


> 


Considering the case where the guarded 
and guard electrodes are at the same 
potential, so that the lines of force between 
them and the unguarded electrode are 
essentially parallel, it is obvious that the 
effective diameter, d, of the guarded elec- 
trode must be increased by the gap width, 
g, when this gap is negligible compared 
with the electrode spacing, ?. 


TABLE I.—FRINGING CONSTANTS AND CAPACITANCE ERRORS. 


formula is available for the case where a 


solid is placed between the electrodes, so 
that there is a discontinuity in dielectric 
constant in the gap between guarded and 
guard electrodes. Under such conditions 
the fringing constant, 4, will be somewhat 
decreased. 

For very thin electrodes, such as are 
usually applied to solids: 


6 2 
= = —In cosh~ 1.466 log cosh 0.78585 
4t t 
. (5) 
= 0.196 () for < 0.25, or? = 0.1968 
t t g t 
This formula was developed by Amey (8) 
for the measurement of the d-c conductivity 


of solids. This is equivalent for capacitance 
measurements to assuming a zero dielec- — 


48/d, 6/d, 0.0002/#, Sum, 
in. sit in. per per cent 
1 2 3 a 5 6 7 & 
ee 0.32 0.02004 0.00125 0.250 0.062 0.32 0.58 
See 0.16 0.00501 0.00050 0.100 0.025 0.16 0.38 
| eae 0.107 0.00223 0.00042 0.084 0.021 0.11 0.33 
reer 0.08 0.00125 0.00031 0.062 0.015 0.08 0.30 


When, however, the ratio, g/t, of gap 
width to electrode spacing is appreciable, 
the increase in the radius of a circular 
electrode or in the half length of a cylin- 
drical electrode is less than half the gap 
width by a fringing constant, 5, which is a 
function of this ratio. For very thick elec- 
trodes, such as are shown in Fig. 1: 


The more complex formulas, from which 
this expression is derived, were developed 
by Rosa and Dorsey (7) and Snow (1) for 
guarded air capacitors. They will also 
apply for the case of a liquid having a di- 
electric constant greater than unity. No 


tric constant in the gap and results in-a 
maximum value of the fringing constant, 5. _ 
No formula is available for the actual 
condition of a vacuum or air in the gap 
space, for which the fringing constant will © 
be somewhat decreased. 

In the range where g/t < 0.25, the “7 


of the fringing constants determined by 
Eqs 5 and 4 is 2.46, and no method has’ 
been developed for finding the value of 5 
for intermediate electrode thicknesses. 
There is then a considerable uncertainty 
in determining the fringing constant, even 
for the case of thin electrodes. The error 
must be considered to be at least 6/4. Values _ 
of 6 for 2-in. diam electrodes for a gap 
width of 0.02 in., which is about the least — 
than can be obtained with thin electrodes, 
are given in Table I for various spacings, t. 
The error produced in the calculated 
value of capacitance Cy, if the correction is 


> 
é 3 
- = 0.080 (£) for? < 10, 
t t t ‘ 
6 
or - = 0.080 ... (4) 
g 


not applied, is given as 46/d in column 5 

of Table I, whereas column 6 shows the 

estimated error 6/d with the correction 

applied. For thick electrodes Moon and 

Sparks (1) have shown how the gap can 

be reduced to 0.001 in., thus reducing these 
errors by a factor of 400 to negligibility. 

The errors occurring in the measurement 

of diameter, d, and thickness, ¢, are usually 

dominant when the gap-width correction 

Q ; has been applied. If the thickness can be 

$ measured to 0.0002 in., the resulting error 

is. as given in column 7 of Table I. If a 

2-in. diam guarded electrode can be meas- 

ured as to diameter to 0.002 in., the error 

in the area is 0.2 per cent. The sum of these 

_ three errors is given in the last column of 

; Table I. Since capacitance at the level of 


Fic. 2.—Micrometer-Electrode System. 


20 upf can be measured to an accuracy 
between 0.1 and 0.2 per cent, the over-all 
error in the determination of the dielectric 
constant of a solid by this method is be- 
ae tween 0.4 and 0.8 per cent, depending on 
_ the thickness of the specimen. 
It will be well at this place to point out 
] that theoretically the guarded and guard 
electrodes need not be at the same potential, 
_ since direct interelectrode capacitances de- 
pend only on the geometry of the electrodes 
and not on their potential differences. 
Actually, however, the possibility of a 
voltage coefficient of capacitance in the 
dielectric under measurement and of spark- 
ing across the gap under a high voltage 
_ makes it desirable to bring the guarded and 
_ guard electrodes to the same potential. 
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MICROMETER-ELECTRODE SYSTEM 


A second method of meeting the condi- 
tions implicit in Eq 1 for solid dielectrics is 
the use of the micrometer-electrode system 
originally devised by Hartshorn (9) to 
eliminate the error caused by series in- 
ductance at high frequencies. Its method of 
operation is shown schematically in Fig. 2. 
The electrical system is first calibrated for 
capacitance in terms of the spacing of the 
electrodes as measured by the setting of a 
micrometer screw. Since a difference in 
capacitance for two positions of the screw 
is always involved, the calibration can be 
based on any convenient reference position 
and need not include the entire capacitance, 
Co, to the case. The dielectric specimen, 
which usually has the same diameter as the 
micrometer electrodes, is clamped tightly 
between the electrodes. The total capaci- 
tance, C’, of the system is made up of the 
capacitance, C,, of the specimen, the capaci- 
tance, Co, of the insulated electrode to the 
case or to some part thereof, and the edge 
capacitance C,,, between the electrodes. 


The specimen is removed and the 
grounded electrode is screwed down until 
the total capacitance, C’, is the same as 
before. This is the calibration capacitance 
of the electrode system at this spacing. Let 
C, be the calibration capacitance of the 
system at the spacing, ¢, equal to the thick- 
ness of the specimen, C,; the direct inter- 
electrode air capacitance of the specimen, 
and C., the edge capacitance at spacing /. 


Cr Cat + Co + Cot (7) 


Combining Eqs 6 and 7, the parallel 
capacitance of the specimen is: 


C + Gu....... (8) 


provided that the edge capacitances, Ce» 
and Cx, are the same. 

Both because the capacitance of a parallel 
plate capacitor varies inversely with the 
separation of the electrodes, and hence 
cannot be made direct-reading in capaci- 
tance, and because the construction of a 
micrometer-electrode system usually 
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not made so precisely as that of a worm- 
driven multiple-plate capacitor, the accu- 
racy of a capacitance measurement at the 
level of 20 uf is only about 0.5 per cent. 
: It is then more accurate and usually more 
, convenient at audio frequencies, where the 
| existence of series inductance is unim- 
portant, to use the micrometer-electrode 
system merely as a transfer system and to 
measure capacitance on the same standard 
capacitor as would be used for guard-elec- 
: trode measurements. This capacitor is con- 
: nected in parallel with the micrometer- 
} electrode system, giving a total capacitance, 
C”, when its own capacitance is Cy and 
the specimen is clamped between the elec- 
trodes. 


C” = Cu + Cp + Co + (9) 


The specimen is removed, the grounded 
electrode is set at a spacing, ¢, equal to 
the thickness of the specimen, and the 
standard capacitor is increased to a capaci- 
tance Cy;’ such that the total capacitance 
is the same as before. 


a = Cnt’ + Cat + Co + Cu--- . (10) 


Combining Eqs 9 and 10, the parallel 
capacitance of the specimen is: 


Cp = Cre’ — Cu + Cas........ (11) 


provided that the edge capacitances, Cop 
and Cx, are the same. 

The edge capacitance, C.», with the speci- 
men in place will differ from the value Cr 
with the specimen removed. The observa- 
tions of Moon and Sparks (1) referred to 
above indicate that the electric field be- 
tween parallel electrodes is not uniform but 
decreases as the edge is approached. Let the 
resulting capacitance be less than that 
calculated as Ca; from Eq 3 by a quantity 
C;. Then the capacitance C, contributed 
by the specimen will be less by KC;. The 
second parts of Eqs 8 and 11 are then in- 
creased by the term (K — 1) C; — (Cap — 
C.1). It appears to be very difficult to deter- 
mine the magnitude of this term or of 
either of its components. Some unsatis- 
factory evidence to be described later in 
this paper indicates that it can cause a 
maximum error of about +1 per cent. 
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Each component, and hence their difference, 
is decreased when the diameter of the speci- 
men is made smaller than that of the elec- 
trodes. Moon and Sparks (1) indicate that 
each component will become negligible 
when the electrodes extend beyond the 
specimen by 2.5 times the thickness of the 
specimen. Powell’ finds that the error will 
be negligible when this extension of the 
electrodes equals the specimen thickness. 
Baker (10) arrives at the same conclusion, 
and further evidence will be given later in 
this paper. Even so, more observations 
should be obtained. = 
Even though the dielectric specimen is 

smaller than the electrodes, Eqs 8 and 11 : 
still hold. Let C;’ be the direct air capaci- 

tance of the electrodes at the spacing, ¢, 
equal to the thickness of the specimen. 
Equation 6 becomes: 


= Cy t+ Ce’ — Car + Co + Cop. . (12) 


where C;’ — Cat is the direct air capacitance 
surrounding the specimen. Equation 7 
becomes: 


= C,’ + Cot+ Cet 
Combining Eqs 12 and 13: 
Cp = C’ — Ce + Car 


and similarly for Eq 11. 

In the development of Eqs 8 and 11 it has 
been assumed that the surfaces of the elec- 
trodes and of the specimen are so nearly 
plane and parallel that there is no series air 
capacitance between the electrodes and 
specimen. This is by no means the case, 
as data given later in this paper will show. 
It is always necessary to apply thin elec- 
trodes to the specimen, either foil or finely 
divided metal, in order to eliminate this 
series capacitance. The spacing, 7, of the 
micrometer electrodes with the specimen 
clamped between them will be greater than 
the thickness, ¢, of the specimen by the 
thickness of these thin electrodes and also 
by any irregularities of the specimen itself. 


3 R. C. Powell, Report to Meeting of Section 
C on Dielectric Loss Characteristics of Sub- 
committee XII on Electrical Tests of ASTM 
Committee D-9 on Electrical Insulating Mate- 
rials, October 29, 1952. 
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As long as the specimen is the same size as 
the micrometer electrodes, Eqs 8 and 11 
still hold, since the edge capacitance, C.:, 
can change only by a negligible amount 
between the spacing, ¢, and the greater 
spacing, r. However, for a specimen smaller 
than the electrodes, this increased spacing, 
r, must be used, because it defines the direct 
air capacitance surrounding the specimen. 
Let C,’ be the direct air capacitance of the 
electrodes at their spacing, r, when the 
specimen is clamped between the electrodes, 
and C,, be the direct air capacitance of the 
specimen if its thickness were r. Equation 
12 becomes: 


C’ = Cy + Cr’ — Car + Co + Cop. . (14) 


where C,’ — C,, is the direct air capacitance 
surrounding the specimen. Let C, be the 
calibration capacitance of the system at 
the spacing r. Then Eq 13 becomes: 


Ce = Cy’ + Co t+ Cer........ (15) 


Combining Eqs 14 and 15, the parallel 
capacitance of the specimen is: 


— C+ Cu........ (16) 


provided the edge capacitances, C., and 
Cur, are the same. 

When a standard capacitor is used, Eq 9, 
following Eq 14, becomes: 


= Cn Cus + Cot+ Cep. (17) 


When the specimen is removed, the 
grounded electrode is set at the spacing, 
r, which it had when the specimen was 
clamped between the electrodes. Equation 
10, following Eq 15, becomes: 


a = Car’ + C,’ + Co + Cer tees (18) 


Combining Eqs 17 and 18, the parallel 
capacitance of the specimen is: 


Cy = Cnr’ — Cn + Cor........ (19) 


provided the edge capacitances, C., and 
C.r, are the same. 

The errors involved in measurements with 
a micrometer-electrode system are some- 
what more difficult to evaluate than those 
with a guard electrode. With the specimen 
the same size as the electrodes, the error 
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caused by edge capacitance and nonuni- 
form field may be as large as 1 per cent. 
This will include the effect of an irregular 
edge or of imperfect centering of the speci- 
men in the electrodes. These errors probably 
vanish when the specimen is sufficiently 
smaller than the electrodes. There remains 
in any case an error amounting possibly to 
several tenths of 1 per cent caused by 
imperfect adjustment of the micrometer 
screw, upon which the calibration capaci- 
tance, C, or C,, and standard capacitance, 
Cn’ or Cyr’, depend. Since the errors oc- 
curring in the dimensions of the specimen 
are about the same for any method of ca- 
pacitance measurement, the over-all error 
in the determination of the dielectric con- 
stant of a solid by this method is between 
0.5 and 1.0 per cent, depending on the 
thickness of the specimen. In any compari- 
son of the two systems on the basis of 
measuring electrodes having the same 
diameter, the micrometer-electrode system 
is perhaps a few tenths of 1 per cent inferior 
to the guard-electrode system, whereas, on 
the basis of specimens of equal diameter, 
the micrometer-electrode system may be 
superior. However, under conditions of 
high relative humidity, where a surface 
water film can produce interfacial polar- 
ization at the edge of the specimen, a guard 
electrode must be used. w 


Serres AIR oR OIL CAPACITANCES 


The effect of series capacitance, produced 
either by the air capacitance of poor con- 
tact between the specimen and rigid elec- 
trodes or by petrolatum or other adhesive, 
has been studied in considerable detail by 
measuring a set of cross-linked polystyrene 
disks that were prepared by E. B. Baker of 
Dow Chemical Co. Nine disks with nominal 
diameters of 2, 13, and 13 in. and nominal 
thicknesses of 3, 3s, 4, and #s were used. 
Their exact dimensions, as measured by steel 
scale and microscope for diameter and by 
dial gage for thickness, are given in the 
first two columns of Table IT. 

Baker reported that these specimens 
were ground on a modified abrasion machine 
originally designed at the National Bureau 
of Standards and that their surfaces are 
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TABLE II.—DIMENSIONS OF THE DISKS. 


Diameter, in. | Thickness, in. an Thickness, in. Readinn, in. Cy, wut + 
1 2 3 4 5 6 7 

2.000 0.2500 0.0002 0.2501 0.2504 2.826 0.00 
2.000 0.1864 0.0007 0.1868 0.1869 3.790 0.00 
2.000 0.1247 0.0006 0.1251 0.1250 5.666 0.00 
2.000 0.0632 0.0006 0.0636 0.0635 11.179 0.00 
1.506 0.2407 0.0003 0.2409 0.2412 1.664 1.02 
1.506 0.1821 0.0002 0.1822 0.1826 2.200 1.35 
1.503 0.1224 0.0003 0.1226 0.1225 3.260 2.03 
1.503 0.0601 0.0002 0.0602 0.0604 6.639 4.13 
1.344 0.0571 0.0002 0.0572 0.0574 5.588 5.72 
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plane and parallel within 0.0001 in. The 
maximum deviations shown in column 3 are 
larger than this figure. The really large 
deviations occur in the 2-in. diameter disks 
and always at their center. The abrasion 
machine was designed for 1}-in. diameter 
disks, and some difficulty was encountered 
with the larger diameter. It is also possible 
that some error came from the use of a dial 
gage for which the last figure was esti- 
mated. The direct interelectrode vacuum 
capacitances of the specimens, as calculated 
from Eq 3, are given in column 6. 
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specimen and is free to set itself parallel to 
the specimen’s upper surface under a pres- 
sure of 12 to 15 lb. The dial of the microm- 
eter screw can be read to 0.0001 in. by 
estimating fifths of a division. The accuracy 
of the adjustment of this dial is shown by 
comparing columns 4 and 5 of Table II. 
The readings of the dial exceed the maxi- 
mum thicknesses by only 0.0001 in. on the 
average and with a maximum of 0.0004 in. 

The specimens were measured under 
seven different conditions. With the speci- 
men removed, the grounded electrode was 


TABLE III.—DIELECTRIC CONSTANT OF SPECIMENS UNDER 
DIFFERENT CONDITIONS.* 


fl 1/t, 1/in Condition | Condition | Condition | Condition | Condition | Condition | Condition 
A B Cc D E F G 
2.507 2.526 2.543 2.543 2.527 2.546 2.545 
0 oe 2.512 2.521 2.542 2.545 2.515 2.544 2.540 
rr 2.485 2.476 2.537 2.539. 2.499 2.537 2.542 
2.434 2.440 2.543 2.546 2.466 2.541 2.550 
2.496 2.517 2.527 2.527 2.517 2.525 2.535 
2.494 2.501 2.522 2.524 2.510 2.520 2.534 
« 2.476 2.509 2.524 2.526 2.507 2.521 2.532 
2.440 2.452 2.501 2.509 2.461 2.511 2.528 
2.426 2.456 2.494 2.501 2.451 2.499 2.520 
Ko: 
2.0-in. specimen’... ... 2.540 2.555 2.540 2.541 2.542 2.543 2.537 
1.5-in. specimen®...... 2.517 2.538 2.538 2.535 2.542 2.528 2.537 
a, mil: 
2.0-in. specimen....... 1.0 2.2 0.7 
1.5-in. specimen....... 0.7 1.6 0.7 0.5 0.7 0.3 0.1 


+C, D, F, G average = 2.540. 
*C, D, F, G average = 2.534. € 


Capacitances were measured on a Gen- 
eral Radio Co. Type 1610-A Capacitance 
Measuring Assembly in terms of a Type 
-1690-A Dielectric Sample Holder and the 
100 uf section of a Type 722-D Precision 
Capacitor, which was provided with a worm 
correction. A cross-section of the Type 
1690-A Dielectric Sample Holder is shown 
in Fig. 3. Its electrodes are plane within a 
few wavelengths of light and are adjusted 
to be parallel within 0.0002 in. In addition 
? grounded electrode is disengaged from 


its drive mechanism on contact with the 


*A = bare. B = No. 4 ignition sealing compound or DC200 silicone oil. C = foil, 0.35 mil. 
D = less DC200 oil. E = bare. F = foil, 0.35 mil. G = 2 months later. 


returned to the spacing, r, that it had with 
the specimen in place, as required by 
Eq 19. The distinction between vacuum and 
air capacitance was recognized in calcu- 
lating values for C,, and C,. The values 
of dielectric constant thus obtained are 
given in Table III, arranged in the same 
order as that used in Table II. 

The specimens were first measured bare 
(condition A). It is immediately apparent 
from the way in which dielectric constant 
decreases with decreasing thickness that 
there is a considerable series capacitance. 
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It can be easily shown that for any series 
film of thickness, a, and dielectric constant, 
K,, the observed dielectric constant, K, 
will be related to the real dielectric constant, 
Ko, by the expression: 


a 1 a 1 
K = K.i Ke (20) 


When plotted with 1/K and 1/t as co- 
ordinates, this a straight line with slope 
a/K, and intercept 1/Ko. It is preferable, 
however, to plot K against 1/t, because 
of the other errors caused by the vari- 
ability of edge capacitance and nonuni- 
formity of field between the electrodes. 


— 
Koa + K,t 


=— ae + Ko (approximate)... (21) 


+ Ko 


This is also a straight line to the accuracy 
of the observations, with slope —K,’a/K, 
and intercept Ko. For an air film, K, is 
unity. The data shown in Table III are 
thus plotted in Fig. 4 (a) and (6). The points 
are considerably scattered, but it must be 
- remembered that each point is from a 
different specimen. It would be surprising 


if all the surfaces were so uniformly irregular 
as to result in the same thickness of air 


film. The straight lines that best represent 
the points are drawn, and values of Ko and 
a calculated. These values are given in the 
_ last four rows of Table ITI. Average values of 
_ Ko for the case of foil electrodes are 2.540 for 
2-in. and 2.534 for 1.5-in. diam specimens. 
In the case of the bare specimens (condition 
A), an air film of 1.0 mil is indicated for 
the 2-in. and 0.7 mil for the 1.5-in. speci- 
mens. These values are considerably larger 
_than even the maximum deviations shown 
in Table II, particularly for the smaller 
specimens, and some other explanation 
must be sought. It perhaps exists in the 
fact that the surfaces of the specimens were 
not polished. This would leave a multitude 
of fine air pockets below the surface meas- 
ured by the relatively large probe of a dial 

gage. 
__ The specimens were next coated (condi- 
tion B), some with Dow Corning No. 4 
ignition sealing compound and some with 
DC 200 silicone oil having a viscosity of 
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100 centistokes and a dielectric constant of 
2.0. The oil was much easier to handle and 
was used thereafter. The use of the oil 
increased both the indicated dielectric 
constant and the slope of the lines. An 
adhesive film of 2.2 mil is indicated for the 
2-in. specimens and 1.6 mil for the 1.5-in. 
specimens. Use of an adhesive alone is of 
no help in reducing the effect of series 
capacitance. This would be even more 
noticeable with specimens having a high 
dielectric constant. 

Lead foil, having a thickness of 0.35 mil, 
was then applied (condition C), and the 
micrometer electrodes cleaned of oil. The 
slopes of the lines are much reduced, that 
for the 2-in. specimens being essentially 
zero. There is a definite difference in be- 
havior between specimens of different 
diameter. The slope of the line for the 
smaller specimens indicates an oil thickness 
of 0.7 mil. The slightly positive slope of the 
line for the 2-in. specimens is produced by 
the changes in edge capacitance and uni- 
formity of field between the electrodes with 
and without the specimen. The divergence 
of these two lines measures the error when 
the specimen is the same size as the elec- 
trodes. This error varies inversely with the 
thickness of the specimen and can be 
expressed roughly as +0.1/¢ per cent. 

The foils were removed, some excess oil 
was wiped off with a cloth, and the foils 
then replaced (condition D). This reduced 
the indicated thickness of the oil film to 
0.5 mil. The fact that the points for condi- 
tions C and D, though scattered, follow 
the same pattern indicates that slight errors 
were made in the thickness or area measure- 
ment or both. 

The foils were again removed, the oil 
thoroughly wiped off, and the specimens 
measured bare (condition E). The plotted 
points in Fig. 4(6) are more consistent than 
for the similar case in Fig. 4(a). The lines for 
the two sizes of specimens are identical 
and indicate a film thickness of 0.7 mil, 
being the same as that found previously 
for the smaller specimens. 

When foils were applied again (condition 
F), there was a noticeable reduction of the 
slope for the smaller specimens to an oil 
thickness of 0.3 mil. 
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Other measurements were made on the 
specimens, during which a gap was cut in 
one electrode of the 2-in. specimens for 
three-terminal measurements, and then a 
week later new foils were applied. Two 
months later all the specimens were re- 
measured (condition G). There is a marked 
decrease in the slope for the smaller speci- 
mens and the oil film is reduced to 0.1 mil, 
whereas for the larger specimens, dielectric 
constant increases with decreasing thick- 
ness. The indicated error for a specimen 
the same size as the electrodes is reduced 
to +0.05/t per cent, which is an error of 
+0.8 per cent for a thickness of ys in. and 
+0.2 per cent for } in. Since the points 
seem to fall on a straight line up to a thick- 
ness of } in., the electrodes need only extend 
beyond the specimen by the specimen’s 
thickness to make this error negligible. 
Values of the ratio c/t, where c is the exten- 


TABLE IV.—DIELECTRIC CONSTANT 
OF SIMILAR SPECIMENS BY BAKER. 


Diameter, in. 4, in. K 

are 0.0562 2.535 1.36 
0.0937 2.529 0.81 
0.0937 2.527 1.32 
Se 0.0937 2.532 1.77 


sion of the electrodes beyond the specimen, 
are given in the last column of Table II for 
all the specimens. To a certain extent this 
conclusion can hold only for the microm- 
eter-electrode system used and for a di- 
electric constant of 2.5. More observations 
are certainly needed for materials of higher 
dielectric constant. 

A moderate confirmation of these con- 
clusions is provided by Baker.‘ He has 
measured specimens of this same poly- 
styrene on his automatic-balancing equip- 
ment (10), which uses electrodes of 1.5 in. 
diam. For bare specimens 7g in. thick, he 
found a dielectric constant of 2.46. For 
specimens with deposited silver electrodes, 
values of diameter, thickness, dielectric 
constant, and the ratio c/t are given in 
Table IV and shown in Fig. 4(0). 


4E. B. Baker, letter to R. F. Field, April 16, 
1952. 
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The process of chemically depositing 
silver on a ground surface should give 
perfect contact with the specimen and will 
tend to give values of dielectric constant on 
the high side, because the thickness used 
to calculate vacuum capacitance, C,, will 
be too large. Combining these values of 
dielectric constant with those reported in 
this paper, a reasonable value appears to 
be 2.535 +0.1 per cent. 

The sets of observations that have been 
described show not only that some type of 
thin metallic electrode is necessary, but that 
the use of foil can introduce a considerable 
error. Conducting paint or metal deposited 
in a way to obtain perfect contact with the 
surface of the specimen is preferable. It 
also appears that the surfaces of the speci- 
men should be polished, so that the entire 
surface is optically plane. 

A few measurements were made with a 
fused quartz disk 2 in. in diameter and 0.0608 
in. thick, whose surfaces were optically 
plane and parallel. Its dielectric constant 
was found to be 3.668 for the bare specimen 
and 3.817 when foil was applied. These 
values should be high by 0.8 per cent be- 
cause the specimen is the same size as the 
micrometer electrodes. The second value 
should be low by 0.9 per cent because the 
reading of the micrometer screw indicated 
that the oil film was 0.3 mil thick. This 
indicates a value of 3.820 for dielectric 
constant. A comparison of this value with 
that obtained with the bare specimen gives 
an air film thickness of 0.6 mil. This is only 


about half the value obtained for the poly- _ 


styrene specimens when first measured, 


and slightly less than was found after oil — 


had been applied and then rubbed off. 
Something in the measurement technique 
is preventing complete contact with the 
specimen. Perhaps the various surfaces had 


not been kept sufficiently free of dust and © 


lint. Measurements on a set of optically 
flat fused quartz specimens of different 
diameters and thicknesses and provided 


with deposited metal electrodes would go — 


far toward solving these problems. 

In the course of one set of measurements 
on the smaller specimens, observations were 
taken in terms of both the Type 722-D Pre- 
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cision Capacitor and the Type 1690-A Di- 
electric Sample Holder. The resulting values 
of dielectric constant differ by 0.25 per cent 
on the average, with a maximum difference 
of 0.48 per cent, with the standard capacitor 
giving the larger values. To some extent this 
confirms an earlier statement that errors in 
capacitance measurements with a microm- 
eter-electrode system may be as great as 
0.5 per cent. 
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shown in Fig. 1, but having an internal 
diameter of only 3 in. It is possible that this 
small size affected the measurements. Values 
of dielectric constant calculated without and 
with the fringing constant, 4, are given in 
columns 9 and 10 of Table V and are plotted 
in Fig. 4(c). The greatest increase in K due to 
this constant occurs for the thinnest speci- 
men and amounts to 0.4 per cent. The large 
decrease in K for the thicker specimens 


TABLE V.—GUARD ELECTRODE MEASUREMENTS. 


1/t,1/in. | dyin. | | cin, | g/t ayt am K, oil 

1 2 3 4 5 6 7 8 9 10 u 
- 4,000....| 1.761 | 0.029 | 0.090 | 0.36 | 0.116 | 0.0026 | 0.00065 | 2.482 | 2.488 | 2.492 
—-§.365....| 1.765 | 0.024 | 0.094 | 0.50 | 0.129 | 0.0032 | 0.00060 | 2.530 | 2.538 | 2.543 
8.019....| 1.761 | 0.028 | 0.092 | 0.74 | 0.225 | 0.0097 | 0.00124 | 2.542 | 2.549 | 2.557 
15.823. ...| 1.765 | 0.023 | 0.094 | 1.49 | 0.363 | 0.0250 | 0.00158 | 2.541 | 2.550 | 2.566 


4, in, Cy, | Cp, K Ce, mul | Cg, K K 

1 2 3 4 5 7 e | 9 10 u 
0.2500. . 2.826) 8.040 | 2.845 | 0.640 | 0.898 | 1.538 6.502 | 2.301 7.400 | 2.619 
0.1864...| 3.790) 10.565 | 2.788 | 0.696 | 0.898 | 1.594 | 8.971 | 2.367 | 9.869 | 2.604 
0.1247...| 5.666) 15.342 | 2.708 | 0.920 | 0.898 | 1.818 | 13.524 | 2.387 | 14.422 | 2.545 
0.0632...| 11.179] 29.532 | 2.642 | 1.199 | 0.898 | 2.097 | 27.435 | 2.454 | 28.333 | 2.535 
0.2407.. 1.664) 4.807 | 2.889 | 0.493 | 0.676 | 1.169 | 3.638 | 2.186 | 4.314 | 2.593 
0.1821...| 2.200} 6.150 | 2.795 | 0.578 | 0.676 | 1.254 | 4.896 | 2.225 | 5.572 | 2.533 
0.1224...) 3.260) 8.908 | 2.733 | 0.696 | 0.676 | 1.370 7.538 | 2.312 8.212 | 2.519 
0.0601...) 6.639) 17.463 | 2.630 | 0.912 | 0.676 | 1.586 | 15.877 | 2.391 | 16.551 | 2.493 
0.0571 5.588) 14.657 | 2.623 | 0.828 | 0.603 | 1.431 | 13.226 | 2.367 | 13.829 | 2.475 


GuarpD ELECTRODE METHOD WITH 
THREE-TERMINAL CELL 


After the measurements under condition 
_ F of Table III were made, a guard electrode 
was provided for the 2-in. specimens by 
cutting a gap in the foil on one surface with 
a specially sharpened compass. The dimen- 
sions of the resulting specimens are given in 
Table V. A gap width, g, of 0.02 in. is about 
the smallest that can be cut in thin metal 
- foil, but even this width produces an appre- 
ciable fringing constant, 6, as calculated 
from Eq 5 and given in column 8. Capaci- 
tances were measured by placing the speci- 
mens in a three-terminal cell similar to that 


occurs because of an insufficient width, ¢, 
of the guard electrode. Values of the ratio 
c/t are given in column 5. Even so, the error 
introduced is apparently much less than 
that predicted by Moon and Sparks (1). 
It seems to become negligible when c/t 
equals unity. 

The values of dielectric constant so ob- 
tained, 2.541 without the fringing correction 
and 2.550 with it, are larger than the value 
of 2.535 found with micrometer electrodes. 
In addition it must be remembered that for 
these specimens there was an oil film 0.32 mil 
thick, which causes the dielectric constant 
of the thinnest specimen to be about 0.6 
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per cent low. The values of dielectric con- 
stant obtained by applying this type of 


High 
Terminal Grounded 


Terminal 


Fic. 5.—Stiff Wire Connector for Two-Ter- 
minal System. 
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correction are given in the last column of 
Table VI. They suggest that the true value 
is nearly 2.57, a value 1.5 per cent above 
2.535. It is unfortunate that, as originally 
intended, other measurements were not 
made with larger guard widths, and also 
two months later with the thinner oil film 
and in the larger cell then used for obtaining 
edge capacitance. 


Two-TERMINAL METHOD WITH WIRE 
CoNNECTOR 


A third method for determining the di- 
electric constant of a solid dielectric consists 
in applying thin metal electrodes to the 
specimen and measuring its capacitance as a 
two-terminal capacitor. Included in the 
measured capacitance is an edge capacitance, 
C., produced by fringing between the elec- 
trodes either in air or in the dielectric when 
it extends beyond the electrodes, and a 
ground capacitance, C,, of the high electrode 
to ground. 
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A Connection Error: 


There will also be an error involved in 
making connection to the high electrode. 
Field (11) has shown how this error can be 
reduced to less than 0.02 uuf by the use of a 
fine stiff bare wire. After the first capacitance 

-Measurement is made with the specimen 
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capacitor with terminals mounted on a 
large panel (11), this spacing is about } in. 
With a 2-in. diam. specimen mounted as 
shown in Fig. 5, which uses a copper wire 
bent into an arc of 3 in. radius and rounded 
at the point of contact, the spacing is only 
about 7s in. Two sets of measurements were 


3.1 
3.0 Wire Connector Method 

e 2.0" 

29 x13 


. connected, the wire is lifted slightly from 


the high electrode by bending or pivoting 
at its other end, and the circuit is rebalanced. 
The exact amount of lift necessary to mini- 
_mize the error can be found by measuring 


+ 4 the capacitance for different spacings vary- 
¢ ing from 0.01 to 0.5 in. For a long wire and a 


24 ===> 
Pp 
2.3 => 
> Cp- (Ce+Cg) 

22 

2.1 

° 0.05 0.10 0.15 0.20 0.25 
t, in. 


Fic. 7.—Dielectric Constant, Polystyrene Specimens, Wire Connector Method. 


made on specimens } in. thick, a mica-filled 
phenolic with a dielectric constant of 5.3 
and teflon with a dielectric constant of 2.03. 
The calculated capacitances are plotted in 
Fig. 6 for different spacings, s. The intercept 
of the slanting asymptote of the resulting 
curve is the correct capacitance. The pro- 
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jection of this value back onto the curve 
gives the proper spacing. The way in which 
the curves fall off from their slanting asymp- 
totes beyond a spacing of 0.5 in. emphasizes 
the importance of minimizing the over-all 
movement of the wire. 


Edge and Ground Capacitances: ee 


The specimens were measured by this 
method after the three-terminal measure- 
ments were made and when new foils had 
been applied to the 2-in. specimens. The 
calculated values of capacitance and dielec- 
tric constant are given in columns 3 and 4 
of Table VI. It is obvious from the magni- 
tude of the values of dielectric constant 
shown in column 4 as compared to 2.535 
that the edge and ground capacitances are 
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seen that the corrected values are nearly as 
low as the uncorrected values are high. 
Extrapolating back to zero thickness, there 
is a range of values of dielectric constant 
from 2.465 to 2.567, with an average of 
2.520. 

The edge capacitance expression of Eq 22 
was derived by Scott and Curtis (12) and 
can be in error for small specimens because 
it was derived from specimens 6 in. in di- 
ameter. The ground capacitance expression 
of Eq 23 is one half the capacitance to free 
space of an infinitely thin circular disk. It 
has never been verified experimentally as 
applying to the high electrode of a dielectric 
specimen. In fact, better values of dielectric 
constant will be obtained by omitting it, as 
is shown by the values given in columns 10 


TABLE VII.—EDGE AND GROUND CAPACITANCES. 


in. Cy, Co, K, true C, Co, mut Ce, wut 
1 2 3 4 5 6 7 8 

Ae 2.826 7.523 2.662 2.524 7.133 0.390 0.517 
©.1008....... 3.790 10.066 2.656 2.523 9.562 0.504 0.499 
a ee 5.666 14.902 2.630 2.520 14.278 0.624 0.440 
11.179 29.156 2.608 2.512 28 .082 1.074 0.376 
Sn ee 1.664 4.458 2.679 2.524 4.200 0.258 0.349 
al on » 2.200 5.870 2.668 2.523 5.551 0.319 0.280 
so 3.260 8.656 2.655 2.520 8.215 0.441 0.252 
6.639 17.302 2.617 2.511 16.671 0.631 0.161 
ss eee 5.588 14.537 2.601 2.510 14.026 0.511 0.120 


quite large. The best expressions at present 
for edge and ground capacitance are those 
contained in ASTM Method D 150.5 


0. 
CG = log + 0047) (in.). . (22) 


C, = 0.449 (23) 


where P is the perimeter of the specimen. 
Their values are given in columns 5 and 6 
and their sum in column 7 of Table VI. 
Values of capacitance and dielectric constant 
calculated from these values are given in 
columns 8 and 9. When the values of dielec- 
tric constant are plotted, as in Fig. 7, it is 


5 Tentative Methods of Test for Power Fac- 
tor and Dielectric Constant of Electrical In- 
sulating Materials (D 150-47 T), 1952 Book 
of ASTM Standards, Part 6, p. 936. 


and 11 of Table VI and by the plot of di- 
electric constant in Fig. 7. 


The difficulty in obtaining consistent ex- on 


pressions for edge and ground capacitance 
arises from the fact that these two capaci- 
tances, as normally defined, conflict. The 
lines of force that represent edge capacitance 
extend above the plane of the high electrode 
into the space reserved for the lines repre- 
senting ground capacitance. This conflict 
will be further accentuated by the existence 
of a ground plane a short distance below the 
dielectric specimen, rather than at infinity. 
Values of edge capacitance are found experi- _ 
mentally by measuring the specimens in a 
three-terminal cell. This removes the ground 
capacitance completely and leaves the edge 
capacitance as the difference of the capaci- 
tance thus measured and that obtained from © 
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_ micrometer or guard electrodes. The three- 
terminal cell must be large enough not to 
alter the edge capacitance by carrying a 
_ portion of it to the guard terminal. 
A circular three-terminal cell was con- 
structed 9 in. in diameter and 3 in. deep, 
giving an edge clearance of 3.5 in. and a 
face clearance of 1.5 in. The capacitances of 
the set of specimens, as measured in this 
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values of capacitance are given in column 6, 
The differences between these capacitances 
and the observed values in column 3 are the 
edge capacitances, C., in column 7. They 
are about two thirds of the values calculated 
by Eq 22. The differences of the observed 
values in columns 3 of Tables VI and VII 
are the ground capacitances in column 8. 
They vary markedly with thickness and are 


TABLE VIII.—EDGE CAPACITANCE, ELECTRODES TO EDGE OF SPECIMEN. 


Material K é, ia. P, in. in. log 

1 2 3 4 5 6 7 
Polystyrene. ...... 2.524 | 2.000 6.283 | 0.2500 | 1.400 | 0.390 | 0.0620 
_ 2.523 | 2.000 6.283 | 0.1864 | 1.528 | 0.504 | 0.0802 
_ 2.520 | 2.000 6.283 | 0.1247 | 1.702 | 0.624 | 0.0992 
2.512 | 2.000 6.283 | 0.0632 | 1.998 | 1.074 | 0.1709 

Polystyrene.......| 2.524 | 1.506 4.731 | 0.2407 | 1.293 | 0.258 | 0.0545 
2.523 | 1.506 4.731 | 0.1821 | 1.414 | 0.319 | 0.0674 
2.520 | 1.503 4.722 | 0.1224 | 1.587 | 0.441 | 0.0934 
2.511 | 1.503 4.722 | 0.0601 | 1.896 | 0.631 | 0.1336 
Polystyrene....... 2.510 | 1.344 4.222 | 0.0571 | 1.869 | 0.511 | 0.1210 
Polystyrene....... 2.540 | 6.000 | 18.850 | 0.2031 | 1.968 | 2.292 | 0.1217 
2.527 | 6.000 | 18.850 | 0.2035 | 1.967 | 2.320 | 0.1231 
2.531 | 6.000 | 18.850 | 0.2035 | 1.967 | 2.355 | 0.1250 
2.541 | 6.000 | 18.850 | 0.2022 | 1.969 | 2.358 | 0.1251 
2.528 | 6.000 | 18.850 | 0.2039 | 1.966 | 2.340 | 0.1242 
2.532 | 6.000 | 18.850 | 0.1268 | 2.172 | 2.803 | 0.1488 
Polystyrene....... 2.541 | 4.004 | 12.579 | 0.2558 | 1.692 | 1.257 | 0.1000 
2.539 | 4.003 | 12.576 | 0.0650 | 2.287 | 2.040 | 0.1622 
Mothacrylate...... 3.187 | 3.906 | 12.554 | 0.2544 | 1.693 | 1.187 | 0.0945 
3.200 | 4.000 | 12.566 | 0.0646 | 2.289 | 1.123 | 0.0893 
Dates cscs. cases 3.342 | 4.007 | 12.588 | 0.2514 | 1.699 | 1.190 | 0.0945 
3.257 | 4.004 | 12.579 | 0.0632 | 2.2909 | 1.453 | 0.1155 


cell (the average of two separate determina- 
tions), are given in column 3 of Table VII. 
The corresponding values of dielectric con- 
stant are given in column 4 and are plotted 
in Fig. 7 as (C, — C,). They are, of course, 
too high because they include the edge 
capacitance. The true values of dielectric 
constant for these specimens are given in 
column 5 and are also plotted in Fig. 7. 
They are taken from the straight line in 


mens. These values are used rather than 
_ 2.535 because they take into account the 


effect of the oil film. The corresponding 


Fig. 4(b) that represents the data taken under 
condition F for the 1.5-in. diameter speci- 


much less than the values calculated by 
Eq 23 and given in column 6 of Table VI. 


Edge Capacitance: 


The classic expression for edge capacitance 
is that of Kirchhoff (13) for thick electrodes 
extending to the edge of the specimen. It 
is based entirely on theoretical considera- 
tions. Reducing this to the case of infinitely 
thin electrodes: 


rol P f 
= 0,0826 log— — 0.0332... . .(24) 
P t in. 


where P is the perimeter of the electrodes. 


Qn 
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q 
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The expression developed by Scott and 
Curtis (12): 
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There are now available for checking 
Kirchhoff’s formula and for obtaining new 
values of the coefficients, if necessary, the 


differs from Kirchhoff’s by not including the 
perimeter P in the logarithmic term. This 
occurred because, for this type of electrode, 
only 6-in. diam specimens were measured. 
Using this value to determine perimeter P, 
Eq 25 becomes: 


P f 
Co 0.147 loge — (26) 
t in. 


& = 0.147 eo + 0.047 wat .. (25) values of edge capacitance given in column 
es t in. 7 of Table VII and further data provided by 
Pats 
q 020 
were 
0.18 Electrodes to Edge of Specimen K 
014 
0. 
05.2 
0.06 
a 
0.04 
8 
1 * 
i 
, oO 12 14 16 1.8 2.0 2.2 24 


Fic. 8.—Edge Capacitance, Electrodes to Edge of Specimen. 


Log 


A. H. Scott® and given in Table VIII- 
Scott’s data are for 4- and 6-in. diam 
specimens of polystyrene, methyl meth- 
acrylate, and butvar. Each set is the average 
of measurements of at least three similar 
specimens. Values of log P/t and C./P are 


6A. H. Scott, letter to R. F. Field, April 18, 
1952. 


: Het 
2S 
It 
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given in columns 5 and 7 of Table VIII and 
are plotted in Fig. 8. With a few exceptions 
the points fall on the straight line defined by: 


P 
— = 0.114 — — 0,094—.... (27 
0.11 log (27) 
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that agrees with the others only for large 
values of log P/t. 

Scott and Curtis (12) also obtained ex- 
pressions for edge capacitance when the 
specimen extends beyond one or both 
electrodes. 


TABLE IX.—EDGE CAPACITANCE, ELECTRODES SMALLER THAN SPECIMEN. 


Equal Electrodes | Unequal Electrodes 

Material K d, in P, in. 4, in. log Co, wut Co, mat 
& 
Polystyrene...... 2.58 | 4.291 | 13.48 | 0.2571 | 1.719 | 2.29 | 0.0658 | 5.65 | 0.1624 
2.57 | 4.291 | 13.48 | 0.1865 | 1.859 2.47 | 0.0712 5.86 | 0.1688 
Hard rubber... .. 3.12 | 4.291 | 13.48 | 0.1854 | 1.862 | 3.29 | 0.0782 | 6.92 | 0.1645 
Methacrylate..... 3.29 | 4.291 | 13.48 | 0.2742 | 1.691 2.88 | 0.0648 6.64 | 0.1499 
3.31 | 4.291 | 13.48 | 0.1838 | 1.865 3.08 | 0.0689 6.98 | 0.1565 
3.28 | 4.291 | 13.48 | 0.1016 | 2.123 3.67 | 0.0802 7.64 | 0.1725 
3.32 | 4.291 | 13.48 | 0.0319 | 2.626 4.66 | 0.1042 9.22 | 0.2060 
RS ai saaaiion 3.71 | 4.291 | 13.48 | 0.1189 | 2.055 | 3.67 | 0.0733 | 8.32 | 0.1665 
BE, 6 sc eensan 5.14 | 4.291 | 13.48 | 0.1228 | 2.040 4.56 | 0.0658 9.90 | 0.1427 
Povediain. . ....< 6.19 | 4.291 | 13.48 | 0.2350 | 1.759 5.24 | 0.0627 | 11.10 | 0.1330 
Sb ixvewbanwee 7.76 | 4.291 | 13.48 | 0.1838 | 1.865 6.06 | 0.0580 | 13.19 | 0.1260 
RK secaneseae 8.60 | 4.291 | 13.48 | 0.2982 | 1.657 6.24 | 0.0537 | 13.97 | 0.1206 
8.75 | 4.291 | 13.48 | 0.2768 | 1.688 6.13 | 0.0520 | 14.11 | 0.1197 
, 14.2 4.291 | 13.48 | 0.2392 | 1.751 | 11.00 | 0.0574 | 22.70 | 0.1186 
15.7 4.291 | 13.48 | 0.1008 | 2.126 | 12.50 | 0.0590 | 24.76 | 0.1170 
A. 6:00 «nn irene 54.0 4.291 | 13.48 | 0.2460 | 1.739 | 37.48 | 0.0514 | 77.60 | 0.1065 
57.4 4.291 | 13.48 | 0.2319 | 1.764 | 38.20 | 0.0494 | 81.68 | 0.1056 
57.0 4.291 | 13.48 | 0.2180 | 1.791 | 37.48 | 0.0487 | 78.40 | 0.1020 
57.1 4.291 | 13.48 | 0.0980 | 2.138 | 35.32 | 0.0459 | 78.94 | 0.1025 
, ee 70.5 3.110 9.77 | 0.2397 | 1.611 | 28.32 | 0.0411 | 72.64 | 0.1055 
68.5 3.110 9.77 | 0.1079 | 1.957 | 35.42 | 0.0529 | 71.14 | 0.1062 
70.6 3.110 9.77 | 0.0559 | 2.243 | 39.81 | 0.0577 | 73.98 | 0.1066 

In spite of the three points that are com- Equal Electrodes: 


pletely out of line, there is no evidence that 
this edge capacitance is a function of di- 
electric constant. Omitting these same three 
points, the average error, when Eq 27 is 
applied to these specimens, is 3.9 per cent 
and the maximum error is 8.5 per cent. The 
line representing the Kirchhoff equation, 
Eq 24, is also drawn. The difference between 
the two expressions is important mainly for 
specimens less than 3 in. in diameter. The 
modified Scott and Curtis Eq 26 is plotted 
in Fig. 8 as a considerably steeper line 


0.59 f 
Ce 0.147 K log + 0.047... (28) 
t in. 
Unequal Electrodes: 


0.195 K + 0.103 (29) 
in. 
The measurements were made on nine dif- 
ferent materials with dielectric constants 
ranging from 2.5 to 70. Significant data for 
these specimens are collected in Table IX. 
The quantity C./KP is calculated in order 
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Specimen Extends Beyond 
One or Both 49° Z 


Figures indicate 
Dielectric Constant 


| Electrodes 


os, ppf per in. 


+0.0496 


2.0 2.2 2.4 2.6 2.8 


Log 
‘Fis. 9.—Edge Capacitance, imen Extends Beyond One or Both Electrodes. 


TABLE X.—EDGE CAPACITANCE, SLOPES AND INTERCEPTS. 


1 Equal Electrodes Unequal Electrodes 


s b 


0.303 . —0.0185 0.0648 +0.0356 
0.000 +0.0496 0.0000 +0.1050 
— —— + 0.0496 


EK + 0.1050 


0.225 0.214 | 0.229 
K K 
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0.08 
037 Equal Electrodes 
or 
K 
* 
Linear Relation....... 


to include the effect of dielectric constant. 
Values of this quantity are plotted against 
log P/t in Fig. 9. For equal values of 
dielectric constant, it appears to be a linear 
function of log P/t, just as was found to be 
the case for electrodes extending to the edge 
of the specimen. It is unfortunate that only 
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Ce 1. P 1 
= 0.214 — log — — 0.229 — 
KP 
+ 0.105. (32) 


TABLE XI.—GROUND CAPACITANCE. 


Cp pul 


Cg, uuf 


0.625 in. | 1.875 in. | 3.000 in. | 5.125 in. | 8.625 in. 


c, 
0.625 in.'1.875 in.| 3 in. [5.125 in.|8.625 in, 


Any line will have the equation: 


Specific values of slope s and intercept b 
are given in Table X, assuming that for an 
infinite dielectric constant the slope is zero. 
It is also reasonable to assume that the vari- 
ation of both slopes and intercepts will be 
linear with 1/K. On this assumption values 
of the slopes and intercepts are as given in 
row 3 of Table X. Then by Eq 30 and 
rounding the coefficients to three places: 


Equal Electrodes: 


1. P 
& = 0.153 — log — — 0.225 
KP K t K 


puf 


+ 0.050 — 
in. 


31) 


1 2 3 4 5 7 8 9 10 ul I 
0.2500. . 8.21 8.028} 7.980) 7.906) 7.837) 7.523) 0.693) 0.505) 0.457) 0.383) 0.314 
0.1864...| 10.709) 10.561) 10.477) 10.439) 10.364) 10.066) 0.643) 0.495) 0.411) 0.373) 0.298 
0.1247...) 15.501) 15.330) 15.286) 15.228) 15.170) 14.902) 0.599) 0.428) 0.384| 0.326) 0.268 
0.0632...) 29.705) 29.534) 29.462) 29.423) 29.383) 29.156) 0.549) 0.378) 0.306) 0.267) 0.227 
0.2407...| 4.898) 4.781) 4.723) 4.699) 4.655) 4.458) 0.440) 0.323) 0.265] 0.241) 0.197 
0.1821...) 6.284) 6.176) 6.110) 6.073) 6.023) 5.870) 0.414) 0.306) 0.240) 0.203) 0.153 
0.1224...) 9.006) 8.892) 8.860) 8.799) 8.773) 8.656) 0.350) 0.236) 0.204) 0.143) 0.117 
0.0601...) 17.638) 17.545) 17.483) 17.457) 17.410) 17.302) 0.336) 0.243) 0.181) 0.155) 0.108 
0.0571 14.796) 14.689) 14.659) 14.619) 14.613) 14.537] 0.259) 0.152) 0.122) 0.082) 0.076 
for a dielectric constant of 3.3 are there Multiplying through by K: 
sufficient observations to define a line ac- 
curately. The slopes of the lines decrease /¥a! Electrodes: 
with increasing value of dielectric constant ¢, P pul 
and have become nearly zero for K = 57. 5 = 0-153 log> — 0.225 + 0.050 K=~.. - (33) 


Unequal Electrodes: 


Ce 


P f 
=* = 0.214 log — — 0.229 + 0.105 . . (34) 
P t in. 


The ability of these equations to give the 
observed values of edge capacitance was 
tested by calculating for all specimens the 
value of C./KP. The average errors were 
5.1 per cent for equal electrodes and 2.0 per 
cent for unequal electrodes, with maximum 
errors of 21 and 6 per cent. The maximum 
errors occur for points that are obviously 
out of line. It is probable that more com- 
prehensive observations would show some 
relationship between the coefficients of 
similar terms in Eqs 27, 33, and 34. 


4 
Ground Capacitance: 


The values of ground capacitance given 
in the last column of Table VII indicate 
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the large three-terminal cell and given in 
column 3 of Table VII, are repeated as 
column 7 of Table XI. Ground capacitances, 
Cg, are the differences between these ca- 


that this capacitance is a function of speci- 
men thickness. Since it will also vary with 
the height of the specimen above the ground 
plane, the effect of both of these factors 


— 


Electrodes to Edge of Specimen J J 
+ 1.5" h* 
x 1.3" pcs 
0.5 


\ 


0.4 


=z 3 in 


| 
0.1 
ie) 0.05 0.10 0.15 0.20 0.25 0.30 
t, in, 


: Fic. 10.—Ground Capacitance, Electrodes to Edge of Specimen. 


was studied by placing the specimens in the 
center of a ground plane about 18 in. square, 
formed by four Type 722 Precision Capaci- 
tors, and at different heights above this 
plane varying from § to 8§ in. The observed 
capacitances are given in Table XI. 

The capacitances of the specimens ex- 
cluding ground capacitance, as measured in 


pacitances and those given in columns 2 
to 6 and are shown in columns 8 to 12. 
They are plotted against thickness, ¢, in 
Fig. 10. To a good approximation, they are 
linear with thickness, giving the straight 
lines represented by the short lines at each 
side of the plot. These lines have nearly 


the same slope, although there is a tendency : 


© 
e 
f 
3 


TABLE XII.—GROUND CAPACITANCE, 
SLOPES AND INTERCEPTS. 
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as shown by the full lines. Their intercepts 
on the capacitance axis are given in columns 
4 to 6. These intercepts are functions of both 


— ans diameter d and height h. Trial plots against 
A, in. |a-|4=|¢=|¢= various functions of d and h indicated that 
2.000 in.|1.504 in| 7:00 | 1:504 | 1.344 approximately linear relation is obtained 
—_ with the parameter d?/./h, as shown in Fig. 
¢ 11. This line passes through the origin and 
0.625.. 0.70 | 0.67 |0.517/0.285/0. 220 has a slope of 0.105. Hence the expression 
Sear 0.69 | 0.64 |0.348/0.177/0.115 for ground capacitance is: 
0.62 | 0.54 |0.290/0.122/0.085 
0.68 | 0.67 |0.241/0.085)0.045 
0.56 | 0.67 |0.182/0.036)0.037 = 0.105 Vi + 0.65 ¢ puffin.) . . (35) 
OMS 0.08 Using this equation to calculate ground 
Electrode to Edge of Specimen 
| 
+1.5 
x 1,3" 
| 
2 4 
Cg#0.105 +0.65 t pyf (in.) 
04 
- 
a 
03 
0.2 
0.1 
x# 
2 3 5 6 
(in.) 
va ™ 


Fic. 11.—Ground Capacitance, Electrode to Edge of Specimen. 


for the slope to decrease both with increasing 
height and decreasing diameter. Values of 
these slopes are given in columns 2 and 3 of 
Table XII. 

Using an average value for slope of 0.65, 
the straight lines of Fig. 10 were redrawn, 


capacitance for the specimens, the average 
error is 11.3 per cent and the maximum 
error 32.2 per cent. 

Equation 35 is, of course, entirely empiri- 
cal and can hold only over a limited range of 
the variables involved. Ground capacitance 


“its 
2 


obviously cannot become infinite for zero 
height, both because this capacitance is not 
the same as that of two parallel plates and 
because the edge capacitance will then be 
greatly changed. Further observations are 
needed to extend the measurements to 
larger specimens and to cases where the 
specimen extends beyond the high electrode, 
for which the dielectric constant of the 
specimen will be involved. 

The ability of Eqs 27 and 35 for edge and 
ground capacitance to hold for a small 
ground plane, such as is afforded by a single 
Type 722 Precision Capacitor, was tested 
by using them to calculate the dielectric 
constant for the observed capacitances given 
in column 3 of Table VI, for which the 
ground electrode was 1} in. above the panel 
of the capacitor. These values of dielectric 
constant are given in column 2 of Table 
XIII. Two other sets of observations were 
made for greater heights, and the results for 
them are given in columns 3 and 4. The true 
values of dielectric constant are given in 
column 5, taken from column 5 of Table 
VII. The agreement among these values 
is surprisingly good. The average error is 
0.4 per cent and the maximum 1.3 per cent. 


CONCLUSIONS 


Three methods for measuring the dielec- 
tric constant of solids have been described. 
The two most accurate are the three- 
terminal guard electrode method and the 
two-terminal micrometer-electrode system. 
For both of these methods, deposited metal 
electrodes should be used, because the 
thickness of the adhesive used with foil 
electrodes cannot be controlled. The errors 
introduced by the width of the gap between 
the guarded and guard electrodes in the 
three-terminal measurements and by the 
irregularities in the calibration of the screw 
used with micrometer electrodes are gen- 
erally comparable and may amount to a 
few tenths of 1 per cent. The guarded- 
electrode system is best suited to large- 
diameter specimens, whereas for the microm- 
eter-electrode system, the specimens should 
be smaller than the electrodes until the 
fringing correction for specimens the same 
size as the electrodes has been more ac- 
curately determined. 

The third method isa two-terminal meas- 
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urement that requires only a grounded sup- 
port for the specimen and a fine wire 
connector. Deposited metal electrodes 
should be used. The formulas for edge and 
ground capacitance that have been de- 
veloped are good enough to keep the error 
less than 1.5 per cent, when the electrodes 
extend to the edge of the specimen. While 
the formulas for edge capacitance, when the 
specimen extends beyond either one or both 
electrodes, are probably equally accurate, 
the corresponding formulas for ground 
capacitance have not been developed. Such 
specimens can, however, be measured in a 


TABLE XIII.—TWO-TERMINAL 
METHOD, DIELECTRIC CONSTANT. 


b= | bo 
in. in. |2.875in.| Sin. | 

1 2 3 4 5 
0.2500...... 2.530 | 2.543 | 2.537 | 2.524 
0.1864...... 2.540 | 2.541 | 2.533 | 2.523 
a 2.524 | 2.527 | 2.521 | 2.520 
2.534 | 2.535 | 2.535 | 2.512 
i 2.534 | 2.530 | 2.491 | 2.524 
Gs dvkrcs 2.513 | 2.513 | 2.513 | 2.523 
eee 2.525 | 2.529 | 2.507 | 2.520 
een 2.510 | 2.520 | 2.503 | 2.511 
5. 2.500 | 2.500 | 2.492 | 2.510 © 


three-terminal cell or on a guard-circuit | 
bridge whose guard terminal is grounded, 
thus eliminating the ground capacitance, 
with an error probably not greater than i 
per cent. Specimens with electrodes extend- _ 
ing to the edge can be similarly measured. 

The errors just outlined refer to the 
capacitance measurement alone. The direct _ 
interelectrode vacuum capacitance of the — 
specimen must be calculated in order to 
obtain a value of dielectric constant. Its 
error depends on the area and thickness of 
the specimen and can vary from 0.2 per cent 
for large thick specimens to 0.6 per cent for 
small thin ones. Such errors will be dominant 
for the two most accurate methods, but will 
be only moderately important for the third 
method. The errors in dielectric constant 
will then vary from 0.4 to 0.8 per cent for the 
first method, from 0.5 to 1.0 per cent for the 
second method, and from 1.6 to 2.0 per cent 
for the third method. 


| 
4 
| | 
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Committee D-10 on Shipping Con- 
tainers held two meetings during the 
year: at Boston, Mass., on October 23, 
1953, and at Atlantic City, N. J., on 
April 9, 1954. 

At the Spring Meeting, the following 
officers were elected for a two-year term: 

Chairman, Gordon E. Falkenau. 

Vice-Chairman, Earl R. Stivers. 

Secretary, Robert F. Uncles. 

Advisory Committee, A. V. Grundy 
and C. E. Miller. 

Committee D-10 now consists of 93 
members, of whom 32 are classified as 
producers, 36 as consumers, and 25 as 
general interest members. 


CONTINUATION OF TENTATIVES 
WITHOUT REVISION 


The committee recommends that the 
following tentatives, which have stood 
without revision for two or more years, 
be continued as tentative: 

Method of Vibration Test for Shipping Con- 


tainers (D 999 - 48 T), and 
Methods of Testing Pallets (D 1185-51 T). 


An extensive review of Method D 999 
is currently in progress and Methods 
D 1185 are being continued as tentative 
on the basis of lack of evidence that these 
methods have been given sufficient field 
testing to prove their adequacy. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Definition of Terms 
(E. J. Dahill, chairman) has under con- 
sideration revisions of the Standard 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


REPORT OF COMMITTEE D-10 
SHIPPING CONTAINERS* 


Att 
Definitions of Terms Relating to Ship- 
ping Containers (D 996-50), and the 
proposed glossary of terms relating to 
interior packing, in the light of the many 
suggested changes and modifications re- 
ceived from the subcommittee members. 

Subcommittee II on Methods of Testing 
(J. G. Turk, chairman), 

Subcommittee IV on Performance 
Standards (C. R. Gustafson, chairman), 

Subcommittee V on Correlation of Tests 
and Test Results (R. C. McKee, chair- 
man). 

These subcommittees have been 
merged to form a joint subcommittee 
charged with the task of reviewing 
several established test procedures to 
determine those factors which, as has 
been demonstrated, cause significant 
variations in results of duplicate tests 
conducted at several locations with all 
variables apparently controlled. For 
these studies, four task groups were or- 
ganized and each is actively pursuing its 
separate investigation. 

The Task Group on Revolving Drum 
Test is collecting a complete set of 
physical data on a number of 7-ft drums 
in active use in various laboratories to 
serve as a foundation on which to de- 
velop possible reasons for conflicting 
test data. The variables thus uncovered 
will then be checked for their individual 
contribution to the over-all lack of re- 
producibility. 

The Task Group on Vibration Test 
also proposes to assemble a compre- 
hensive summary of construction and 
instrumentation data on existing in- 
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stallations of vibration tables, and has 
formulated plans for a round-robin test 
to be run on the machines included in 
this tabulation. 

The Task Group on Drop Test is 
exploring the effects of various dropping 
surfaces and of the orientation of the 
package prior to drop by means of in- 
strumented dummy loads which permit 
the measurement of shock at the moment 
of impact. 

The Task Group on Stacking is com- 
pleting plans for a round-robin test on a 
procedure initially designed for corru- 
gated boxes. As their work progresses, 
the study will be expanded to include 
other types of shipping containers. 

Subcommittee III on Water Vapor 
Resistance (H. A. Bergstrom, chairman) 
is sponsoring a round-robin test in ac- 
cordance with Methods of Test for 
Water Vapor Permeability of Shipping 
Containers (D 1008 - 51). 

Subcommittee VI on Interior Packing 
(S. L, Swenson, chairman).—A load 
deflection method for determining energy 


~ 


absorption of cushioning materials is 
ready for final revision prior to presenting 
it to the main committee for publication 
as tentative. The study of a procedure 
for the determination of compression 
set and drift has also progressed, and a 
round-robin test produced good correla- 
tion among participating laboratories. 
A reissue of the bibliography and ab- 
stracts of cushioning and shock absorp- 
tion studies is in preparation and will 
contain many new entries. A compilation 
of definitions of terms relating to cushion- 
ing, shock, and vibration is in process. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 93 members; 43 members re- 
turned their ballots, of whom 41 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
G. E. FALKENAU, 


Chairman. 
R. F. UNCLEs, 


Secretary. 
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Committee D-11 on Rubber and 
Rubber-Like Materials, and sixteen of 
its subcommittees, held meetings in 
Washington, D. C., on February 3 to 
5, 1954, during ASTM Committee 
Week. In addition, some of the subcom- 
mittees have held separate meetings 
during the year; and the SAE-ASTM 
Technical Committee on Automotive 
Rubber, with its various sections, has 
continued to meet on a quarterly basis. 
An outstanding accomplishment of 
the year was the completion of a “Glos- 
sary of Terms Relating to Rubber and 
Rubber-Like Materials” which was 
published in mimeographed form in 
January and circulated to members of 
the committee and other interested 
parties for criticism and suggestions for 
improvement. The glossary has been well 
received and there have been numerous 
requests for copies, both from this 
country and from abroad. Subcommittee 
VIII, under the chairmanship of Harry 
L. Fisher, which has been responsible 
for this accomplishment, will give con- 
sideration to all suggested changes and 
plans eventually to submit a revision of 
the glossary for publication by the 
Society in more permanent form. 
The responsibilities of Committee 
D-11 in representing the United States 
through the American Standards Asso- 
ciation in the work of Technical Com- 
mittee 45 on Rubber of the International 
Organization for Standardization (ISO) 
have grown to such an extent that it 


* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 
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became necessary during the year to 
organize a special committee to handle 
this work. This group is usider the chair- 
manship of R. D. Stiehler and has been 
designated as the American Group 
for ISO/TC 45 on Rubber and Rubber ~ 
Products. This group includes in its 
membership the chairmen of the D-11 
subcommittees dealing with subjects on 
which the ISO committee is actively 
working, together with other members 
interested in these fields. From this 
group, various members have been 
designated to serve as the United States 
representatives on the ISO/TC 45 Work- 
ing Groups which have been organized. 
The American Group has accepted the 
chairmanship of ISO/TC Working Group 
on Cold Resistance, being represented 
thereon by Irving Kahn, U. S. Depart- 
ment of the Army, Office of the Chief of 
Ordnance. ISO/TC 45 does not plan to 
meet this year, but meetings of a num- 
ber of the working groups will be held 
in London, England, June 28 to 30. 
1954. The American Group will be 
represented at these meetings by A. E, 
Juve of The B. F. Goodrich Co., and 
L. D. Carver, Witco Chemical Co. 
The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 
Chairman, Simon Collier. 
Vice-Chairman, H. G. Bimmerman. | 
Secretary, A. W. Carpenter. 


New TENTATIVES 


for 
publication as tentative the following 


Committee D-11 recommends 


new specifications and methods of test 
_as appended hereto." 
Tentative Specifications for Sheet Rub- 
Packing.—These specifications have 
been under consideration in Subcom- 
mittee VI for several years and are the 
first material specifications promulgated 
_by this subcommittee. They supplement 
and do not conflict with any of the 
specifications for sheet gasketing con- 
tained in Specifications D 1170. 
TABLE I.—DIMENSIONS OF TEST 


SPECIMENS FOR AGING TEST OF 
VACUUM BRAKE HOSE. 


3 3 Dimension of Form, 
oa in. (See Fig. 1) 
=¢ 36.8 
> 
(min) 
Light | 8| | 1%] 6 
Heavy 9| | 1%) % 
Light 9 | 434) 314] 134) % 
Heavy | 10 | 134 a4 
.| Heavy 4 
Heavy | 12 | 24| % 
Heavy | 14/6 |5 | 2 1 
Heavy | 16 | 7 | 63, 334) 136 


and Rubber-Like Materials by a Tem- 
perature-Retraction Procedure (TR Test). 
_—This tentative presents in standardized 
form a test method which has been 
found very useful in evaluating the low- 
temperature behavior of rubber and 
_ synthetic elastomers, including the effect 
of crystallization. 


The committee is also balloting on the 
following new tentatives which it pro- 


Tentative Specifications for: 
Polyethylene Insulated Wire and Cable, 


1The new tentatives were accepted by the 
Society and appear in the 1954 Supplement to 
_ Book of ASTM Standards, Part 6. 
2See Editorial Note, p. 489. 
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Ozone-Resisting Butyl Rubber Insulation for 
Wire and Cable, and 

Construction of Rubber Insulated Wire and 
Cable. 


REVISION OF TENTATIVES 


The committee recommends | that 
nineteen of the present tentatives be 
revised as indicated and continued as 
tentative: 


Tentative Methods of Sample Prepara- 
tion for Physical Testing of Rubber Prod- 
ucts (D 15 — 52 T).* 

Section 1(a).—Revise the Scope to 
read as follows: 


1. These methods apply to the procedures 
for the compounding and mixing of certain basic 
standard rubber compound formulations, utiliz- 
ing standard ingredients together with recom- 
mended times and temperatures of cure. They 
may also be used to prepare mixes of the stand- 
ard compounds in which one or more of the 
ingredients is non-standard or in which all 
ingredients are non-standard. They may also be 
used when it is desired to substitute a different 
material for one of the standard materials. 
However, such substitutions may require 
changes in the standard mixing and curing 
procedures. 


This revision clarifies the manner in 
which the standard compound formula- 
tions are used. 


Tentative Methods for Chemical Analy- 
sis of Rubber Products (D 297 - 50 T).2— 
These revisions, appended hereto,‘ in- 
clude changes in the methods of separat- 
ing and titrating zinc from a rubber ash 
solution prior to the determination of 
calcium and magnesium. They also in- 
clude improved methods for the de- 
termination of small amounts of copper 
and manganese in rubber. The recom- 


carried out by Subcommittee XI which 
have shown that the changes improve 
31952 Book of ASTM Standards, Part 6. 


4The revised tentative appears in the 1954 
Supplement to Book of ASTM Standards, Part 


“cried is based on extensive studies 


_ 6. See also Editorial Note, p. 489. 
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both the accuracy and the ease of manip- 
ulation of the determinations. 


Tentative Methods of Testing Automo- 
tive Air Brake and Vacuum Brake Hose 
(D 622 — 48 T).3—The following revisions 
have been developed by Technical Com- 


TABLE II.—DIMENSIONS OF BEND 
TEST SPECIMEN OF VACUUM BRAKE 
HOSE. 


Length of Specimen, in. 
Inside Diameter of Hose, in. 
Heavy Duty | Light Duty 

8 
1l 
16 
22 
28 


TABLE III—DIMENSIONS OF TEST 
SPECIMEN AND FEELER GAGE FOR 
DEFORMATION TEST OF VACUUM 
BRAKE HOSE. 


Specimen 
Feeler G 
si 4 Dimensions, 
a of | Duty Type |(See Fig. 5)} = ™ 
Hose, in. 
D | |wiath |Thick- 
Light | 34/1/36 | 
Heavy | | Ke 
_ Light | Me | 564 
Heavy | 3g2| 1 | | 342 
Heavy |% |1|% |% 
Heavy | | %e 
; Heavy 


mittee A to provide for testing the light- 
duty type of vacuum brake hose: 

Table I.—Revise the requirements for 
vacuum brake hose to read as shown in 
the accompanying Table I. No change 
is recommended in the requirements for 
air brake hose specimens. 

Table II.—Change to read as shown 
in the accompanying Table II. 


Table III.—Change to read as shown 
in the accompanying Table ITI. 

Section 13(c).—Change the last sen- 
tence to read as follows: “The specimen 
shall be considered to have failed to meet _ 
the test unless the load is less than that 
specified on the first application and 
unless the load is greater than that speci- 
fied on the fifth application.” 

Section 14(a).—Change “di-isobutyl- 
ene”’ in the first sentence, third sentence, 
and fourth sentence to “isooctane.” 
Add a reference number after the word 
isooctane with reference to the following 
footnote: ‘‘Jsooctane shall conform to the 
requirements of Reference Fuel A of 
the Tentative Methods of Test for 
Changes in Properties of Rubber and 
Rubber-Like Materials in Liquids 
(ASTM Designation: D 471).” 

New Section.—Add as new Section 17 
the following test for increase in volume, 
and renumber Section 17 as 18. 


17. Increase in Volume.—The increase in 
volume of the cover shall be determined in 
accordance with Section 24 of the Tentative 
Methods of Testing Rubber Hose (ASTM 
Designation: D 380), except that isooctane 
(Reference Fuel A, ASTM Method D 471) shall 
be used as the immersion medium. The test 
specimen shall be prepared from the cover as 
described in Section 9(a) of Method D 380 and 
shall be as near the size specified in Section 
24(a) of Method D 380 as can be obtained from 
the hose being tested. 


Tentative Specifications for Rubber and 
Synthetic Rubber Compounds for Automo- 
tive and Aeronautical Applications 
(D 735 52a 

Section 2(c).—Change the definition 
of Suffix L in the suffix tabulation, to 
read as follows: 

L... Water absorption test required. Values 
to be agreed upon between purchaser and sup- 
plier, except for Class TA compounds (Table V). 

Replace Suffix K by two Suffixes, K; 
and Ko, defined as follows: 


K, ... Adhesion test required, elastomer to 
metal, bond made during vulcanization process. ** 


| 
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K,...Adhesion test required, cemented 
bond, made after vulcanization process.** 

Table I—T ype R Compounds, Non-Oil 
Resistant.—In the column headed Ulti- 
mate Elongation, min, per cent, change 
the values for the 80 hardness grades as 
follows: 


SRE remains as 100 per cent 


ee 150 per cent, change to 100 per 
cent 
0 EN 200 per cent, change to 150 per 
cent 
RR escccws 250 per cent, change to 200 per 
cent 
R825 Scie 300 per cent, change to 200 per 
cent 


Table V, Suffix L, Water Absorption. — 
Change the aging period from “168 hr 


at 158 F” to “70 hr at the boiling temper- 


- ature of water”; also change the limits 

_ for volume change throughout from “10 
_ per cent max” to “S per cent max.’ 

Section 6(f), Test Liquids.—For Suffix 

‘requirement L, delete the present para- 

_ graph and reword as follows: “For suffix 

requirement L, distilled water shall be 


7 - used. Increase in volume shall be de- 


termined using the procedure described 

under water displacement method for 
_ water insoluble liquids and mixed liquids, 
of ASTM Method D 471, except that 

the acetone dip shall be omitted. Change 

in durometer hardness shall be de- 
~ termined using the procedure described 
under ‘Changes in tensile strength, 
elongation, and durometer hardness’ 
of Method D 471. The cooling period 
in distilled water shall be 30 min and the 
acetone dip shall be omitted.” 


Tentative Method of Test for Low- 
_ Temperature Brittleness of Rubber and 
Rubber-Like Materials (D 736 46 
Section 2(a).—Delete the last sentence 
of this section and add the following 
note: 
Note.—Temperatures of F and —65F 
are commonly used. 

Tentative Method of Measuring Low- 
Temperature Stiffening of Rubber and 
Rubber-Like Materials by the Gehman 
Torsional Apparatus (D 1053 52 T).* 
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Section 2.—Add the following note 
at the end of the section: 


Note.—The Gehman torsional apparatus 
may be used in liquid coolants provided the 
following conditions are met: (a) The coolant 
shall be liquid over the desired temperature 
range. (6) It shall be shown that the liquid does 
not soften or otherwise affect the test speci- 
mens. (c) The temperature of the coolant shall 
be uniform within +1 C in all portions of the 
medium. Means shall be provided for main- 
taining controlled coolant temperatures for 
periods of at least 10 min. 


Section 5.—Add the following note at 
the end of the section: 

Note.—The long-term cold hardening test 
may be performed in a suitable low-temperature 
cabinet or cold room. The entire apparatus, 
with the exception of the millivoltmeter and 
electric timer, shall be placed in the cabinet or 
room, and the test made while still in the cabinet. 

These notes permit testing in liquid 
media and also in a cold box. 


Tentative Specifications and Methods 
of Test for Latex Foam Rubbers (D 1055 - 
53 T)..—The committee recommends 
the revision of these specifications in 
order to make the following changes: 
In Section 4 the changes will make the 
text consistent with the Tentative Speci- 
fications for Rubber and Synthetic Rub- 
ber Compounds for Automotive and 
Aeronautical Applications (ASTM Desig- 
nation: D 735). In Table I the RMA 
Designation has been changed in order 
to correspond with the present RMA 
Designations. In Section 14 (0) the 
reference to a stem weight has been 
deleted since 25 g, as now required, is 
heavy enough to compress the softer 
foams. The sectional committee which 
studied this matter stated that it 
could find no better method of describing 
the test than the Method D 1055, which 
also corresponds to the RMA recom- 
mended method. The new method in 
Section 30 corresponds to the method 
shown in the RMA Buyers Guide. 


51953 ee to Book of ASTM Stand- 
ards, Part 6. 
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Section 4: Suffix Letter —Change “F” 
to “F,.” Add new suffix letter “F,” de- 
fined as follows: ““F,—Low temperature 
test at —65 F required.” 

Table I—Change “Suffix F” to read 
“Suffix F,.” Add a new grade R 204% 
under Latex Foam (Cored), change the 
figures under RMA Designation to cor- 
respond with the present RMA Designa- 
tions, and add three new grades under 
Latex Foam Rubbers (Uncored), to read 
as shown in the accompanying Table IV. 
Retain all of the present grades without 
change otherwise. 


TABLE IV.—PHYSICAL REQUIREMENTS OF LATEX FOAM RUBBERS, 
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Section 30.—Add a new test method 
covering static fatigue to read as follows: 


Static Fatigue TEst 


30. Procedure: (a) Slab Stock.—A specimen of 
latex foam 4 by 9 in. shall be bent parallel to 
the 4in. dimension to an angle of 180 deg be- 
tween two compression plates and placed in a 
Geer Oven at 158 F for 22 hr. The opening be- 
tween the two plates should be equal to twice 
the thickness of the unfolded specimen. The 
folded edge of the specimen should not extend 
beyond the edge of the compression plates. 

(b) Cored Stock.—This specimen shall be 
tested as in Paragraph (a), except that the spec- 
imen shall be 4 in. wide and the length shall be - 


Basic Requirements 


Requirements Added 
Suffix Letters - 


Air Oven Aged Suffix Fi Suffix H 
ndentation of | trom | br at 
tation o rom r at |Low T 
Grade RMA? Designation 50 sq in, 25 per | Original Load- | 158 F, 50 per pA oy Flexing Test, 
Number cent Deflection | Deflection or | cent Defiec- Change from | Compression 
(Limits), Ib Indentation | tion, max, | Original De-| Set, max, 
Value (Limits),| percent flection, max,| per cent 
per cent per cent 
Latex Foam Russers (CoreED) 
| e+3%| 2 2 75 20 
Latex Foam Russers (UNcCORED) 
100 +15 20 20 75 
XXX Firm..... 132444174 20 20 75 
XXXX Firm...) 175 +25 20 20 75 


Section 7.—Reletter as Paragraph (a) 
and add a new Paragraph (0) as follows: 
(b) The latex foam specimen shall show no 


cracking at the folded edge when subjected to 
the static fatigue test. 


Section 14 (b)—Change the first 
sentence of| this paragraph to read as 
follows: ““Thicknesses up to and includ- 
ing 1 in. shall be measured using a dial- 
type gage having a foot 1} in. in di- 
ameter, taking care not to compress the 
sample.” 

Section 28.—Change the last sentence 
to read as follows: “....and the de- 
flection recorded 30 sec later.” 


approximately three times the thickness. The 
skin side, if present, shall be folded out for test- _ 
ing. 


Tentative Specifications and Methods 
of Test for Sponge and Expanded Cellular - 
Rubber Products (D 1056 — 53 T).-—The 
committee recommends the revision of 
these specifications in order to make the 
following changes: In Section 5 the 
changes will make the text consistent 
with the Tentative Specifications for 
Rubber and Synthetic Rubber Com-— 
pounds for Automotive and Aeronautical 
Applications (ASTM Designation: D 
735). The change in Table I is in order 
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since the cellular rubber deflects less 
under the same load as the temperature 
is reduced. The change in Section 31 
was made since it was not practical to 
record the deflection immediately, as 
previously required. The change should 
not materially affect the results ob- 
tained under this test. 

Section 5: Suffix Letier—Change “‘F” 
to “F;.”Add new suffix letter “F,” defined 
as follows: “F;,—Low temperature test 
at —65 F required.” 

Table I.—Change Suffix ‘‘F” to “F.” 
Change the heading over the Suffix F; 
column to read as follows: “Low Temper- 
ature Test, Change from Original De- 
flection, max, per cent.” 

Table II.—Make the same changes in 
Table II as in Table I, except under the 
Oil Aged column change the heading 
to read as follows: “Oil Aged 22 hr. at 
158 F, Change in Volume in ASTM Oil 
No. 3 (Limits).” 

Table III—Make the same changes 
as in Table II. 

Table IV.—Change the Aniline Point 
to read “69.5 + 1 C” instead of “69.5 + 

Section 31.—Change the last sentence 
to read as follows: “....and the de- 
flection recorded 30 sec later.” 


Tentative Specifications and Methods of 
Test for Concentrated, Ammonia Pre- 
served, Creamed and Centrifuged Natural 
Rubber Latex (D 1076 — 52 T).*—Recom- 
mended changes in sampling and the 
mechanical stability test are the result 
of extensive negotiations between Sub- 
committee VII and the ISO/TC 45 
Group working on latex. The addition 
of the methods for determination of 
density is of considerable importance 
commercially and will provide much 
needed standard methods. This revision 
is appended hereto.‘ 
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Tentative Specifications for Non-Metal- 
lic Gasket Materials for General Automo- 
tive and Aeronautical Purposes (D 1170 - 
51 

Table II, Type 1, Natural and/or Syn- 
thetic Rubber and Asbestos (Compressed). 
—Make the following changes: 


Grades G-1222-2, G-1222-3, and G-1222-4— 
change volume change limits after aging in 
ASTM No. 1 Oil from ‘‘—5 to + 5” per cent 
to “—10 to +10 per cent.” 

Grades G-1223-2, G-1223-3, and G-1223-4— 
change volume change limits after aging in 
ASTM No. 3 Oil “+25 to 60 per cent” to 
“+15 to 50 per cent.” 

Grade G-1211-3—delete volume change limits 
of “—5 to +5 per cent” after immersion in 
ASTM Reference Fuel No. 1. 

Grade G-1221-3—insert volume change limits 
of “—5 to +5 per cent” after immersion in 
ASTM Reference Fuel No. 1, 22 hr at 70 to 
85 F. 

Grade G-1423-3—change tensile strength from 
“500 psi” to “1000 psi.” 


Table III, Type 2, Cork Compositions. 
—Make the following changes: 


Grades G-2211, G-2212, G-2213 and G-2214— 
insert under Flotation Tests, 3 hr in boiling 
water, the words “no disintegration.” 

Grades G-2111 and G-2211—change compres- 
sion from “40 to 60 per cent” to “30 to 50 
per cent.” 

Grades G-2112 and G-2212—change compres- 
sion from “30 to 50 per cent” to “20 to 
40 per cent.” 

Grades G-2113 and G-2213—change compres- 
sion from “25 to 40 per cent” to “15 to 30 
per cent.” 

Grades G-2114 and G-2214—change compres- 
sion from “15 to 30 per cent” to “10 to 25 
per cent.” 


Table IV, Type 3, Treated and Un- 
treated Papers—Make the following 
changes: 


Grades G-3261 and G-3262—reduce compression 
strength as follows: 
Original from “22,500 psi” to ‘20,000 psi.” 
Aged 70 hr at 250 F. in ASTM No. 1 Oil 
from ‘20,000 psi” to ‘18,000 psi.” 
Grades G-3211, G-3212 and G-3213—change 
recovery from “50 per cent” to “40 per cent.” 
Grade G-3221—reduce tensile strength from 
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“2000 psi” to ‘1500 psi.” Also, change 
compressibility from “30 to 45 per cent” 
to “25 to 40 per cent” and recovery from “50 
per cent” to “40 per cent.” Change Mullen 
bursting strength from ‘45 psi” to “40 psi.” 


Change Footnote a describing thick- 
ness tolerances to read as follows: 


* Thickness Tolerances: }é4 in. and under, 
+0.0035 in.; over }64 to }¥¢ in., +0.005 in.; over 
Ke to 349 in., +0.008 in.; over 342 in., +0.016 
in. 

The committee is also balloting on 
revisions of the following tentatives 
which it proposes to refer to the Ad- 
ministrative Committee on Standards:? 
Tentative Specifications for: 

Insulated Wire and Cable: Class AO, 30 Per 
Cent Hevea Rubber Compound (D 27 - 52 T), 

Insulated Wire and Cable: Performance Rubber 
Compound (D 353-52 T), 

Insulated Wire and Cable: Heat-Resistant Rub- 
ber Compound (D 469 - 52 T), 

Insulated Wire and Cable: Ozone-Resistant 
Type Insulation (D 574-46 T), 

GR-M Polychloroprene Sheath Compound for 
Electrical Insulated Cords and Cables 
(D 752-49 T), 

Insulated Wire and Cable: Heat-Resisting Syn- 
thetic Rubber Compound (D 754-52T), 

Insulated Wire and Cable: Performance Syn- 
thetic Rubber Compound (D 755-52T), 
and 

GR-S Synthetic Rubber Sheath Compound for 
Electrical Insulated Cords and Cables 
(D 866 - 46 T). 


Tentative Methods of: 
Testing Rubber Insulated Wire and Cable 
(D 470-52 T). 
REVISION OF STANDARDS AND 
REVERSION TO TENTATIVE 


The committee is balloting on revisions 
of the following standards, including 
their reversion to tentative, which it 
proposes to refer to the Administrative 
Committee on Standards:? 


Standard Specifications for: 

Rubber Sheath Compound for Electrical Insu- 
lated Cords and Cables (D 532-49), and 

GR-M Polychloroprene Sheath Compound for 
Electrical Insulated Cords and Cables Where 
Extreme Abrasion Resistance is Not Required 
(D 753 - 49). 
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REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
of the Standard Methods of Test for 
Tear Resistance of Vulcanized Rubber 
(D 624-48)* and accordingly asks for _ 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order 
that these revisions may be referred to 
letter ballot of the Society: 

Section 6(b).—Add the following sen- 
tence to this section: “One measurement 
shall be made at the apex of the slit 
or the 90-deg angle as applicable.” 


Section 9.—In line 4, delete the word 


“average” before the word “thickness.” 

These changes are recommended for 
the purpose of specifying definitely the 
procedure for measuring thickness of 
the test specimens in the tear test. 


EpITroRIAL CHANGE IN TENTATIVE 


Tentative Methods of Testing a 


for Brake Lining and Other Friction Ma- 
terials (D 1205 - 53 T).5 
Section 16.—Add the following . 


at the end of this section: 


Norte.—Percentage of flow is influenced by 
composition of the material, thickness of the 
film, and the rate of temperature rise of the oven 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that all 
tentatives under its jurisdiction, other 
than those mentioned in this report, be 
continued as tentative. Most of these 
are being reviewed by the various sub- 
committees, and the results of this work 
will be presented to the Society as it is 
completed. 


The recommendations appearing in 


this report have been submitted to letter 
ballot of the committee, the results of 
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which will be reported at the Annual 
Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


The committee records with sorrow 
its loss in the sudden death of L. E. 
Cheyney, Minnesota Mining and Mfg. 
Co., chairman of Subcommittee XX on 
Adhesion Tests. The work which Mr. 
Cheyney had carried on so faithfully 
has been continued under H. H. Irvin, 
Marbon Corp., who was appointed 
chairman to succeed him. A. E. Williams, 
B. F. Goodrich Co., has been appointed 
chairman of Subcommittee I on Mechan- 
ical Rubber Hose. J. A. Williams, Haartz- 
Mason, Inc., has succeeded S. H. Tinsley, 
R. T. Vanderbilt Co., Inc., as chairman 
of Subcommittee XXIV on Rubber- 
Coated Fabrics following Mr. Tinsley’s 
resignation. 

The various subcommittees of Com- 
mittee D-11 have been very active dur- 
ing the year and are working on many in- 
teresting projects, only a few of which 
can be mentioned here. 

Subcommitiee X on Physical Tests (L. 
V. Cooper, chairman) is engaged in a 
study of methods of measuring mill roll 
and stock temperatures during the proc- 
essing of experimental rubber batches. 
Better control of these temperatures is 
considered essential for improving the 
reproducibility in preparation of stand- 
ard compounds and experimental batches 
for testing. This subcommittee is also 
studying methods of buffing rubber 
specimens in order to improve accuracy 
and reproducibility in testing. 

Subcommittee XI on Chemical Analysis 
(W. P. Tyler, chairman) is actively work- 
ing on methods of analysis for carbon 


® The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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black in rubber compound. The sub- 
committee has selected two methods 
which seem better than the present 
standard and have planned a coopera- 
tive test program investigating these 
methods. 

Subcommitiee XV on Life Tests (G. C. 
Maassen, chairman) expects in the near 
future to present revisions of the Oxygen- 
Pressure Aging Method (D 572), and 
the Test Tube Aging Method (D 865), 
in order to permit the use of metal heat- 
ing media in place of the present water, 
oil, or air media. The subcommittee recog- 
nizes that the newer types of aging test 
equipment utilizing aluminum block 
heating are proving very effective and 
have distinct advantages in many cases. 

Subcommittee XIX (W. N. Keen, 
chairman) has in progress an extensive 
revision of Methods D 471, tests for 
changes in properties of rubber and 
rubber-like materials immersed in liquids. 
This revision will bring these methods 
up-to-date and are expected to be com- 
pleted and submitted to the Society in 
the near future through the Administra- 
tive Committee on Standards.” 

A number of the other subcommittees 
have cooperative test programs in prog- 
ress and will report the results as the 
data are accumulated. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 216 members; 117 members 
returned their ballots, of whom 104 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
S. 
Chairman. 
ARTHUR W. CARPENTER, 
Secretary. 
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EpitorRIAL NOTE 
Subsequent to the Annual Meeting, Committee D-11 presented to the Society 
through the Administrative Committee on Standards the following recommendations: 


Tentative Specification for: 
Polyethylene Insulated Wire and Cable (D 1351 - 54 T), ; 
Ozone-Resisting Butyl Rubber Insulation for Wire and Cable (D 1352-54T), __ 
and 
Construction of Rubber Insulated Wire and Cable (D 1350 - 54 T). 


Tentative Recommended Practice for: 
Standard Test Temperatures for Rubber and Rubber-like Materials (D 1349 - 
54T). 


Revision of Tentative Specifications for: 

Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound 
(D 27 - 52 T), 

Insulated Wire and Cable: Performance Rubber Compound (D 353 - 52 T), 

Insulated Wire and Cable: Heat-Resisting Rubber Compound (D 469 — 52 T), 

Insulated Wire and Cable: Ozone-Resisting Type Insulation (D 574-46 T), 

GR-M Polychloroprene Sheath Compound for Electrical Insulated Cords and 
Cables (D 752 - 49 T), 

Insulated Wire and Cable: Heat-Resisting Synthetic Rubber Compound (D 754 - 


52T), 

Insulated Wire and Cable: Performance Synthetic Rubber Compound (D 755 - 
52 T), 

GR-S Synthetic Rubber Sheath Compound for Electrical Insulated Cords and 
Cables (D 866 - 46 T), and 

Nonmetallic Gasket Materials for General Automotive Purposes (D 1170 - 54 T). 
of Tentative Method of: 

Testing Rubber Insulated Wire and Cable (D 470-46 T), 

Chemical Analysis of Rubber Products (D 297 — 54 T), 

Test for Changes in Properties of Rubber and Rubber-like Materials in Liquids 
(D 471 -52T), 

Test for Low-Temperature Brittleness of Rubber and Rubber-like Materials 
(D 736 - 54 T), and 

Heat Aging of Vulcanized Natural or Synthetic Rubber by Test Tube Method 
(D 865 - 53 T). 
of Tentative Specifications and Methods of Test for: 

Concentrated, Ammonia Preserved, Creamed and Centrifuged Natural Rubber 
Latex (D 1076 — 54 T). 

Revision and Reversion to Tentative of Standard Specifications for: 
Rubber Sheath Compound for Electrical Insulated Cords and Cables (D 532 — 49), 
d 


an 
GR-M Polychloroprene Sheath Compound for Electrical Insulated Cords and 
Cables Where Extreme Abrasion Resistance Is Not Required (D 753 - 49). 


These recommendations were accepted by the Standards Committee on January 
10, 1955, and the new and revised tentatives appear in the 1954 Supplement to 
Book of ASTM Standards, Part 6, and also in the January, 1955, Compilation of 
ASTM Standards on Rubber and Rubber-like Materials. 
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REPORT OF COMMITTEE D-12 


SOAPS AND OTHER DETERGENTS* 


Committee D-12 on Soaps and Other 
Detergents held one meeting during the 
year: on March 22 and 23, 1954, in 
New York City, N. Y. At this meeting 
the following officers were elected for 
the ensuing term of two years: 

Chairman, J. C. Harris. 

Vice-Chairman, Frederick Krassner. 

Secretary, H. R. Suter. 

During the year C. F. Jelinek was 
appointed chairman of Subcommittee 
G-2 on Nomenclature and Definitions, 
replacing William G. Morse who has 
retired. William Stericker has been ap- 
pointed chairman of Subcommittee S-4 
on Specifications for Alkaline Deter- 
gents, replacing M. F. Graham who 
resigned this position. 

A new Subcommittee T-7 on Sampling 
and Interpretation of Data was or- 
ganized with C. H. Fuchs as chairman. 

At the present time the committee 
consists of 119 members, of whom 59 
are classified as producers, 35 as con- 
sumers, and 25 as general interest 
members, with 5 consulting members. 


New TENTATIVE 


The committee recommends that the 
Methods of Test for Surface and Inter- 
facial Tension of Solutions of Surface- 
Active Agents, published as information 
with the 1952 report of the committee,' 
be accepted for publication as tentative. 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954 

1 Proceedings, Am. Soc. Testing Mats., Vol. 
52, p. 447. 
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REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Method of Test for pH of 
Aqueous Solutions of Soaps and De- 
tergents (D 1172 - 51 T)? be revised as 
appended hereto.® 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
of four standards and requests the neces- 
sary nine-tenths affirmative vote at the 
Annual Meeting in order that these 
recommendations may be referred to 
letter ballot of the Society: 


Standard Methods of Sampling and 
Chemical Analysis of Soaps and Soap 
Products (D 460 - 46) 2 
Section 34.—In lines 11 and 12, change 

the sentence which now reads “Wash 

the acids in this manner three times”’ to 
read: “Repeat the washing of the acids 
in this manner until the final washing 
is neutral to methyl orange indicator 
(usually 3 to 6 washings).” 


Standard Methods of Sampling and 
Chemical Analysis of Alkaline De- 
tergents (D 501 - 49) 

Sections 18 to 24.—Change the sub- 
title “Sodium Metasilicate and Sodium 
Sesquisilicate” preceding Sections 18 to 
24 to read “Sodium Metasilicate, 


21952 Book of ASTM Standards, Part 7. 

3 The revised method was accepted by the 
Society and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 7. 
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Sodium Sesquisilicate, and Sodium 
Orthosilicate.” 

Section 18.—Change the first sentence 
to read as follows: 

18. Sodium metasilicate, sodium  sesqui- 
silicate, and sodium orthosilicate shall be 
sampled by removing portions from various 
parts of the container. 


New Section.—Add a new Section 25 
as follows, and renumber the present 
Section 25 and succeeding sections ac- 
cordingly : 

25. Sodium Orthosilicate—The results of 
analysis of sodium orthosilicate shall be ex- 


pressed in terms of NazO, SiOz, and matter 
insoluble in water. 


Standard Definitions of Terms Relating 
to Soaps and Other Detergents 
(D 459 - 52)? 

Under the heading “Detergent” change 
the term “alkaline detergent” to read 

“inorganic alkaline detergent.” 


EDITORIAL CHANGE 


The committee recommends the fol- 
lowing editorial changes to correct typo- 
graphical errors in the Standard Specifi- 
cations for Sodium Bicarbonate (D 928 - 
52)2 

Section 3.—Change the requirements 
for chemical composition to read as 


follows: 

Na2COs, max., per 0.4 
NaHCOs, min., per cent................ 99.6 
Matter insoluble in water, max., percent... 0.1 


Section 5.—In line 4, change “‘Special”’ 
to “Alkaline.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee T-1 on Soap Analysis 
(E. W. Blank, chairman) which func- 
‘ The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters, 
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tions jointly with a committee of the 
American Oil Chemists’ Society, is 
currently concerned with development 
of analytical methods for the deter- 
mination of sodium chloride, copper, and 
P.Os in soaps and synthetic detergents. 

Subcommittee T-2 on Analysis of Syn- 
thetic Detergents (R. Bernstein, chair- 
man).—During the year a_ special 
technical publication prepared by this 
subcommittee entitled “Bibliographical 
Abstracts of Methods for Analysis of 
Synthetic Detergents” was issued by 
the Society. 5 The subcommittee intends ; 
to revise the bibliography approximately _ 
every two years. Task groups are cur- : 
rently working on analytical methods — 
based on infrared spectroscopy and on — 
methods for determination of active in 
agent. 

Subcommittee T-3 on Analysis of Dry- 
Cleaning Materials (G. P. Fulton, © 
chairman) is engaged in drawing up 
methods for the determination of mois- __ 
ture, nonvolatile matter, and flash ‘a 
points of dry-cleaning detergents. 

Subcommittee T-4 on Analysis of 7 
Alkaline Detergents (W. H. Koch, 
chairman) has completed methods of 
analysis for sodium orthosilicate and is 
investigating methods of analysis for 
sodium polyphosphates. 

Subcommittee T-5 on Physical Testing 
(A. M. Schwartz, chairman) is engaged 
in the study of methods for measure- 
ment of redeposition of soil on cotton 
fabrics. A comprehensive bibliography 
is in preparation. Task groups are work- 
ing on standardization of wetting and 
rewetting tests, reflectance measure- 
ments on fabrics, and measurement of 
the effect of brightening agents on 
textiles. 

Subcommittee T-6 on Analysis of 
Metal Cleaners (J. C. Harris, chairman) 
is continuing its work on the prepara- 
tion of a laboratory guide for the evalua- 
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5 Issued as separate publication ASTMISTP 
No. 150, 
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tion of metal cleaners and its study of 
application methods of metal cleaners in 
the automobile industry. A study of 
corrosion tests for detergent materials on 
vitreous enamel surfaces is to be under- 
taken. 

Subcommittee T-7 on Sampling and 
Interpretation of Data (C. H. Fuchs, 
chairman).—This newly organized com- 
mittee has as its first projects statistical 
studies of wetting tests and redeposition 
methods, both in cooperation with Sub- 
committee T-5. The committee intends 
to function in recommending design of 
cooperative experiments and assisting 
in interpretation of results. 

Subcommittee S-1 on Specifications 
for Soaps (Frederick Krassner, chair- 
man) is working on revision of Standard 
Specifications for Milled Toilet Soap 
(D 455 - 48). 

Subcommittee S-4 on Specifications 
for Alkaline Detergents (William Ste- 
ricker, chairman) is starting work on a 
modification of the existing specification 
for sodium carbonate, and is preparing 
tentative specifications for sodium ortho- 
silicate, anhydrous sodium metasilicate, 
and anhydrous trisodium phosphate. 

Subcommittee G-2 on Nomenclature 
and Definitions (C. F. Jelinek, chairman) 
is preparing definitions for brightening 
agents and is attempting to resolve 
differences in definitions existing be- 
tween English and American practice. 
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Subcommittee G-5 on Program Plan- 
ning (R. B. Mitchell, chairman) pre- 
pared the program for the annual 
meeting of Committee D-12 which, in 
addition to regular committee activities, 
included presentation of the following 
technical papers: 

“Need fora Standardized Procedure for Meas- 
uring Reflectance of Detergency Fabrics,” by 
H. Paitchel, J. A. Woodhead, and R. B. Diaz, 
Colgate-Palmolive Co.® 

“Silicates as Corrosion Inhibitors in Syn- 
thetic Detergent Mixtures,” by Raymond 
Getty, Newton W. McCready, and William 
Stericker.” 

“Turbidometric and Viscometric Measure- 
ments on Aqueous Solutions of a Nonionic 
Detergent,” by Lawrence M. Kushner and 
Willard D. Hubbard. 

“The Kerosine-Viewer Test in Metal Clean- 
ing,” by E. R. Holman and Francis E. Clark, 
Turco Products, Inc. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 119 members; 78 members 
returned their ballots, of whom 64 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. C. Harris, 
Chairman. 
H. R. Suter, 
Secretary. 


6 ASTM Bu tetn, No. 202, December, 1954, 


p. 56 (TP242). 
7 To be published in ASTM Buttetin, 
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Committee D-13 on Textile Materials 
held two meetings during the year: on 
October 14 to 16, 1953, in New York, 
N. Y., and on March 16 to 19, 1954, 
also in New York. 

The fall meeting included a Sympo- 
sium on Design of Experiments with 
papers by L. I. Horner, Celanese Cor- 
poration of America; J. W. Tukey, 
Princeton University; and W. J. You- 
den, National Bureau of Standards. At 
the spring meeting, an extra day was 
devoted to meetings of task groups, 
enabling some 30 groups to carry on 
their work in addition to meetings of 18 
subcommittees. 

The Harold DeWitt Smith Memorial 
Medal for 1954 was presented to A. 
Griffin Ashcroft. 

The following changes in subcommit- 
tee organization and officers were made 
during the year: Section VI on Narrow 
Fabrics of Subcommittee A-1 has been 
combined with Section III on Cotton 
Woven Fabrics. The new Subcommittee 
A-6 on Warp Knit Fabrics was organized 
with C. A. Baker and R. L. Stimmel, 
as chairman and secretary, respectively. 

The following changes in subcommit- 
tee officers were approved by the 
Advisory Committee during the year: 

J. K. Frederick, Jr., and J. H. Baldt, 
appointed as chairman and secretary, 
respectively, of A-2, Section II; J. M. 
Gould, vice H. C. Haller as secretary 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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of A-3, Section I; F. 1 O’Neil, ve 
F. W. Noechel, as chairman of A-3 
Section IIT; P. O. Nicodemus, vice F. S. - 
Mapes, as chairman of A-4; R. H. Seeds 
and J. B. Curley, vice F. C. Kennedy 
and E. M., Simon, Jr., as chairman and 
secretary respectively of A-9; J. K. 
Sumner, vice G. B. Harvey, as 
of A-10 and of A-10, Section IT; 
Crandall, vice C. A. Farley, as secretary 
of B-5S. 
The election of officers for the ensuing _ 
term of two years resulted in the selec- 
tion of the following: 
Chairman, W. D. Appel. 
First Vice-Chairman, R. T. Kropf. 
Second Vice-Chairman, C. W. Dorn. 
Secretary, W. H. Whitcomb. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Committee D-13 is presenting for 
publication 7 new tentatives and is — 
recommending the revision of 6 tenta- 
tives, tentative revision of 4 standards, 
adoption as standard of several defini- — 
tions and 14 tentatives, and withdrawal 
of an appendix to a tentative. 

The standards and tentatives af- 
fected, together with revisions recom- 
mended, are listed in detail in the Ap- 
pendix.’ 

All other tentatives not specifically 
referred to are being actively studied 
by the respective sponsoring subcom- 
mittees. 


1 See p. 496. 
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The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee A-1 on Colton and Its 
Products (B. L. Whittier, chairman): 

Section I on Cotton (G. S. Buck, Jr., 
chairman) is continuing the develop- 
ment of separate standard methods of 
test for each of the various properties 
of cotton. 

Section II on Cotton Yarns and 
Threads (W. R. Marsden, chairman) 
is continuing its study of methods of 
twist determination. Inspection of the 
appearance standards is being continued 
for which there is a continuing demand 
particularly in Europe. The setting up 
of new standards is being considered. 

Subcommittee A-2 on Man-Made Or- 
ganic-Base Fibers and Their Products 
(J. K. Frederick, Jr., chairman): 
Section I on Spun and Continuous 
_ Filament Yarns (J. K. Frederick, Jr., 
chairman) is continuing its study of the 
regain bases for testing, and is proposing 
a new tentative which is a consolidation 
_ of Methods D 258, D 507, and D 508 on 
yarns from man-made and mixed fibers. 
Section IT on Fabrics (J. K. Frederick, 
_Jr., chairman) is proposing a new test 
method for yarn distortion in woven 
_ fabric, and a revision of D 416-39, 
‘Maximum Residual Shrinkage of Silk, 
Rayon, and Acetate Woven Fabrics. A 
seam strength test is under considera- 
tion. 

Subcommittee A-3 on Wool and Its 
Products (Werner von Bergen, chair- 
man): 

Section I on Wool (O. P. Beckwith, 
chairman) is continuing its work on 
testing wool for fineness, moisture, 
and fiber length. 

Section III on Woolen and Worsted 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Yarns (F. J. O’Neil, chairman) is study- 
ing moisture regain, yarn number tol- 
erances, and yarn evenness. 

Section V on Woolen and Worsted 
Fabrics (E. M. Lynch, Jr.,. chairman) 
is studying wrinkle recovery and thick- 
ness. 

Subcommittee A-4 on Asbestos and Its 
Textile Products (P. O. Nicodemus, 
chairman) is continuing its study of 
analysis of asbestos materials with 
particular reference to iron, cotton, and 
fiberglass. 

Subcommittee A-5 on Bast and Leaf 
Fibers and Their Products (S. J. Hayes, 
chairman) is continuing its study of 
acceptance testing. It is planned to 
hold a joint papers session on this 
subject with Subcommittee B-5 in 
October, 1954. 

Subcommittee A-6 on Warp Knit 
Fabrics (C. A. Baker, chairman) is 
studying strength testing, dimensional 
stability, yield, and grading of warp 
knit fabrics. 

Subcommittee A-7 on Ultimate Con- 
sumer Textile Products (A. F. Tesi, 
chairman) is continuing its studies of 
the test methods for pilling, elastic 
fabrics, and slide fasteners. 

Subcommittee A-10 on Non-Woven 
Fabrics (J. K. Sumner, chairman): 

Section I on Felt (R. H. Carter, 
chairman) is continuing its study of 
stiffness of felts and mildew resistance 
and is considering heat stability and 
wool content. 

Subcommittee A-11 on Pile Fabrics 
(T. F. Jacoby, chairman) is continuing 
its work on fire resistance, tests for 
tufted pile floor coverings, service prop- 
erties of non-wool pile fabrics, and color- 
fastness to light and wet cleaning. 

Subcommittee B-1 on Test Methods 
(W. M. Scott, chairman) is continuing 
its study of vibroscope methods for 
fiber weight per unit length, fiber crimp, 
yarn twist, stiffness, knit fabrics, analy- 
sis of fiber mixtures, testing machines, 
mercerization of cotton, abrasion re- 
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sistance, shirt wear test, and evenness of 
yarn. 

Subcommitiee B-2 on Nomenclature 
and Definitions (A. G. Scroggie, chair- 
man) is continuing its work on develop- 
ing tentative and standard definitions. 
A glossary of visual defects in woven 
and knitted fabrics is being developed. 

Subcommittee B-5 on Sampling, Pre- 
sentation, and Interpretation of Data 
(J. C. Hintermaier, chairman) is pre- 
paring a Manual of Statistical Methods 
for Textile Technologists. 
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This report has been submitted to 
letter ballot of the committee, which 
consists of 345 members; 173 returned 
their ballots, of whom 173 have voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. D. AppeEL, 
Chairman. 
W. H. Wuitcoms, 
Secretary. 
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In this Appendix are given proposed 
revisions in certain standards and 
tentatives covering textile materials, 
which are referred to earlier in this 
report. These standards and tentatives 
appear in their present form in the 
1952 Book of ASTM Standards, Part 7, 
and in the 1953 Supplement to the 
Book of ASTM Standards, Part 7. 
ProposeD METHOD TO BE PUBLISHED 

AS INFORMATION 

Committee D-13 recommends that the 
Proposed Method of Test for Predicting 
Dyeing Behavior of Cotton be published 
as information only, as appended hereto." 


‘4 


NEw TENTATIVES 


The committee recommends the 
following seven methods for publication 
tentative as appended hereto.’ 


} 
for Wool Content of Raw Wool—Com- 
mercial Scale, 

Test for “Fineness” of Cotton Fibers by Resist- 

] ance to Air Flow (Micronaire Method), 

Test for Length of Cotton Fibers by Fibro- 

ox graph, as a revision of and to replace the test 

in Sections 11 to 23 of the Tentative General 
Methods of Testing Cotton Fibers (D 414- 
53 T), 

Test for Determination of Build-Up and Spread 
of Glass Yarn as Wrap (Serving) or Braid 
Over Electrical Conductors, 

Methods of Testing Elastic Fabrics, 

Test for Tuft Bind of Pile Floor Coverings, 
ae Test for Yarn Distortion in Woven Fabrics 


REVISION OF TENTATIVES 
Tentative Methods of Test for Total 
Wool Fiber Present in Wool in the 
Grease (D 584-53 T): 
1This proposed method appears in the Octo- 
ber, 1954, Compilation on Textile Materials. 
2The new tentatives were accepted by the 


Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 7. 
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The committee recommends that 
these methods be revised as appended 
hereto.’ 


Tentative Methods of Core Sampling of 
Wool in Packages for Determination 
of Percentage of Total Wool Fiber 
Present (D 1060 - 53 T): 

The committee recommends _ that 
these methods be revised as appended 
hereto.® 


Tentative Methods of Testing and 
Tolerances for Rayon Tire Cord 
(D 885 - 53 T): 

The committee recommends that this 
tentative be revised as follows: 
Section 25.—Change to 

follows: 


read as 


25. Breaking Sirength: (a) Testing Machine.— 

A constant-rate-of-load type or a constant- 
rate-of-traverse type testing machine, together 
with accessory equipment as specified in Sec- 
tion 19 (a), shall be used. 

(b) Drying Facilities—Adequate drying fa- 
cilities shall be provided, including the following: 

(1) Specimen Holder.—Either of the fol- 
lowing types of holders shall be used for 
drying the cord: 

Spools with tapered cores of corrosion- 
resistant metal or plastic, and cans made of 
corrosion-resistant material, large enough to 
hold the spools. The cans shall have shallow, 
tight-fitting lids provided with a spindle 
mounted on the under side, on which the 
spool can be placed and on which it will 
rotate freely. The side of the can shall be 
provided with a narrow slit terminating in 
a porcelain guide.‘ 


*The revised tentative was accepted by the 
Society and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 7. 

‘A suitable guide, designated as No. 990 
Worsted, is available from Page-Madden Co., 
Inc., 79-96 Second St., Mineola, Long Island, 
N. Y. 
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Or, racks or specimen-holding boards of 
suitable design to prevent any change of 
twist in handling and drying. 

(2) Oven, for drying cords on spools or 
racks. The oven, large enough to handle the 
required number of spools or racks, shall be 
maintained between 105 and 110C, with a 
current of air passing through the oven. 
This air may be predried or preheated if de- 
sired. The specimen shall be dried for suffi- 
cient time until the loss in weight on heating 
for an additional 15-min period is less than 
0.1 per cent of the original weight of the 
specimen. 

(c) Procedure—All rayon tire cord, both 
woven and on cones, shall be tested after drying 
in a relaxed condition. Either of the following 
methods may be used to meet this requirement. 

(1) Tapered Spools.—A piece of paper shall 
be placed around the core of the special 
tapered spools in such a manner that the 
larger half of the spool core is covered. The 
necessary length of cord shall be wound on 
the paper. The paper and cord shall be moved 
to the small end of the spool, taking care to 
preserve the cord structure as wound, and 
to avoid tuck-unders. The spool and cord 
shall then be placed on the lid of the can 
(with the small end of the core adjacent to 
the lid) and the assembly heated in an oven 
as described in Paragraph (0), Item (2). The 
oven-dry specimen on the spool on the lid 
shall be covered with the inverted can, al- 
lowing the free end of the cord to protrude 
through the special guide in the side of the 
can. The can shall be closed as quickly as 
possible in order to minimize absorption of 
moisture, and the unopened can shall be 
mounted in a convenient position on the side 
of the testing machine. Approximately 2 yd 
of the specimen shall be pulled from the can 
and discarded. The next portion of the speci- 
men shall be placed in the clamps of the 
tester following the directions given in Sec- 
tion 19 (6), and broken immediately. If, for 
any reason, more than 25 sec are required 
to place a particular test specimen in the 
apparatus and break it, the results from that 
specimen shall be discarded. After breaking 
a specimen, the cord between the clamps 
and the can shall be discarded, and a fresh 
length withdrawn from the can for the next 
test. The breaking load of the individual 
specimen shall be obtained from the chart, 
and the average of all tests shall be reported 
as the breaking strength of the oven-dry 
cord. 

(2) Racks.—A series of short lengths of 
cords shall be secured from cones or woven 
fabrics, and shall be placed without tension 
on racks or specimen-holding boards of suit- 
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able design to prevent any change of twist 
in handling. Sufficient slackness shall be 
allowed to prevent any build-up of tension 
because of heat-shrinkage during drying. 
The holder and cord shall then be heated in 
an oven as described in Paragraph (bd), 
Item (2). In the event that the specimen 
holder is not equipped with a cover, the dried 
cords may be removed from the holder in 
the oven and placed in a heated specimen 
holder located conveniently to the testing 
machine. If the specimen holder is equipped 
with a properly insulated cover, then the 


holder containing the dried specimens may _ 
be removed from the oven and placed con- © 


veniently to the testing ma hine (Note 1). 
One cord at a time shall be removed from 
the sample holder and tested as described in 
Item (1) (Note 2). 

Nore 1.—In this procedure it is intended 
that the cord shall be tested hot. This condi- 
tion is fulfilled if the cord temperature at the 
time of removal from the holder is not less 
than 150 F. 

Norte 2.—If it is desired to determine the 
strength and elongation under oven-dry 
conditions on short lengths of cord by the 
procedure described in Paragraph (c), Item 
(1), a series of specimens-(long enough to 
permit clamping in both clamps) may be tied 
together and the resulting strand treated as 
a single cord. If the specimens are less than 
1 m. in length, they should be spaced by 
other lengths of cord which can be discarded. 
All knots shall be tied in such a way as to pre- 
vent any change in twist, and shall be small 


enough to pass through the porcelain guide 


in the side of the drying can. 


A ppendix.—Withdraw the appendix, 
which deals with a method for twisting 
rayon tire cords. 


Tentative Methods of Testing and 


Tolerances for Cotton Yarns (D 180 - 
52T): 


The committee recommends that this _ 
tentative be revised as follows: 


Section 2(b)—Change to read as 


follows: 


(b) Moisture Equilibrium.—It shall be consid- 


ered that moisture equilibrium is reached when, — 
after free exposure to air in motion, two succes- 
sive weighings not less than 15 min apart do not 
interfere by more than 0.1 per cent of the total 
weight. Moisture equilibrium shall be approached 
from the dry side. Where samples require drying 
before conditioning, no heat shall be applied 
in excess of 125 F. St 
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Section 14(c)—Change to read as 
follows: 


(c) When the arithmetic average of the tests 
on a lot of yarn falls within the tolerances speci- 
fied, it shall be considered that the lot of yarn 
conforms to the specified requirements for the 
particular characteristics tested. When the arith- 
metic average does not fall within the tolerances, 
a second set of samples shall be drawn from the 
original lot or shipment, and the average of the 
first and second set of tests shall be used. 


Tentative Recommended Practice for 
Interlaboratory Testing of Textile 
Materials (D 990-52 T): 

Section 13(a).—Reverse the order of 
Items (/) and (2) as follows and retain 
Item (3) without change. 

(1) The significance of the results, 
(2) The conclusions reached, and 

Section 13(c).—In the second line of 
Item (7) change the word “as” to read 
“and.” In the second line of Item (2), 
change the word “because” to read 
“and.” In-the fourth line of Item (3), 
replace the words “as high as” with the 
word “of,” 

‘Section 6.—Eliminate the definitions 
of Ni, Nu, Nr, and Ns, replacing them 
with the definitions of Nw, Ni, No, Ns, 
and Nz shown under Table VI. 

Table VI.—Delete the above defi- 
nitions, but retain the definition for 
sigma prime squared. 

Section 8(b)—In the formula for 
Rr change the denominator to read 

Section 9(b)—In the formula for 
Rs change the denominator to read 
No.” 


Tentative Method of Test for Snag Re- 
sistance of Hosiery (D 1115-50 T): 
The committee recommends that this 

method be revised as appended hereto.’ 


TENTATIVE REVISIONS OF STANDARD 


The committee recommends the 
following new and revised definitions of 
terms for publication as tentative, as 
part of the Standard Definitions of 
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Terms Relating to Textile Materials 
(ASTM Designation: D 123 - 53). 


Bright, adj.: 1. General—Characterized by a 
high degree of luster; brilliant; opposite of 
dull or dark. 

2. Man-Made Fibers.—Lustrous, that is, 
having a high capacity to concentrate re- 
flected light in a specific direction, as com- 
pared with the amount reflected in other 
directions; opposite of dull or matte. 

Conformance, n.: Test Methods.—Agreement of 
the properties of a sample, or lot, with speci- 
fication requirements. 

Course, n.: Knitted Fabrics.—The series of suc- 
cessive loops lying crosswise of a knitted 
fabric, that is, lying at right angles to a line 
passing through the open throat to the closed 
end of the loops. 

Dull, adj.: Man-Made Fibers——Low in luster, 
that is, showing relatively little tendency to 
concentrate reflected light in specific direc- 
tions, and relatively great tendency to scatter 
light in ali directions; having a tendency to 
produce a diffuse reflection; matte; opposite 
of bright. 

Filler, n—Nonfibrous material, such as insolu- 
ble clays or gypsum, together with starches, 
gums, etc., added to a fabric to increase its 
weight or to modify the appearance or handle 
of the fabric; also referred to as back-sizing. 

Filling, n.—Change the note after Filling, 2, 
to read: 

Note.—In the United Kingdom, filling 
yarn is designated as weft or woof, and the 
word filling is used as a collective term for 
nonfibrous material commonly designated as 
fillers in the U. S. 

Lea Skein, n.—A skein, of length and circum- 
ference specified for the specific yarn number- 
ing system involved, commonly used to 
determine the linear density and the strength 
of yarns. (See also Skein, Numbering.) 

Luster, n.—The property of showing differences 
in the amount of light reflected in different 
directions either from local but individually 
recognizable portions, or from the general 
surface. 

Modulus, Secant, n.—The ratio of change in 
stress to change in strain between two points 
on a stress-strain diagram, particularly the 
points of zero stress and breaking stress. 

Pressley Index, n.—A measure of ihe strength 
of fiber bundles, determined under prescribed 
conditions, and expressed in an arbitrary unit, 
pounds per milligram. 

Norte.—The Pressley Index is the breaking 
load per unit weight at essentially zero gage 
length for a bundle of fibers cut to a length of 
0.465 in. 
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Sizing, n.—After the definition given in Stand- 
ard D 123 add the reference, ‘‘See also filler.” 

Smash.—Delete the definition given in Standard 
D123 and retain only the reference, “In 
Appendix II, See Defect No. 21.” 

Spinning, n. and adj.—The process or processes 
used in the production of single yarns. 

Note 1.—Yarn from Staple Fiber: The 
formation of a yarn by a combination of 
drawing or drafting and twisting prepared 
strands of fibers such as rovings. 

Note 2.—Filament Yarns: In the spinning 
of man-made filaments, fiber-forming sub- 
stances in the plastic or molten state, or in 
solution, are forced through the holes of a 
spinneret or die at a controlled rate (extru- 
sion). There are three general methods of 
spinning man-made filaments: (1) Melt Spin- 
ning is the term applied to the process in 
which the fiber-forming substance is melted 
and extruded into air or other gas, or into a 
suitable liquid, where it is cooled and solidi- 
fied, as in the manufacture of nylon or glass; 
(2) Dry Spinning is the term applied to the 
process in which a solution of the fiber-form- 
ing substance is extruded into a heated cham- 
ber to remove the solvent, leaving the solid 
filament, as in the manufacture of acetate; 
(3) Wet Spinning is the term applied to the 
process in which a solution of the fiber-form- 
ing substance is extruded into coagulating 
media where the polymer is regenerated, as 
in the manufacture of viscose or cupram- 
monium rayon. 

Nore 3.—In the manufacture of leaf and 
bast fiber yarns, the terms “wet spinning” 
and “dry spinning” refer to the spinning of 
fibers in the wet state and in the air-dry 
state, respectively. 

Note 4.—Yarn from Filament Tow: The 
formation of a yarn from filaments by a com- 
bination of cutting or breaking, together with 
drafting and twisting in a single series of 
operations. 

Strength, Tensile, n.: 2. Specific—The maxi- 
mum tensile stress expressed in force per unit 
area of the original specimen. Also termed 
ultimate tensile strength. 

Strength, Tensile, True, n.—The maximum 
tensile stress expressed in force per unit area 
of the specimen at the time of rupture. 

Strength, Ultimate, Tensile—See Strength, 
Tensile. 

Tape, n.: 2. Slide Fasteners.—A strip of material 
along one edge of which the bead and scoops 
are attached, the bead sometimes being in- 
tegral with the strip. 

Toughness, n.—That property of a material by 
virtue of which it can absorb work. 

Toughness, Breaking, n.—The actual work per 
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unit volume (or per unit mass) of material 
which is required to rupture the material. 
It is proportional to the area under the load- 
elongation curve from the origin to the break- 
ing point. 

Twist, n.: 3. Calculated from the helix angle 
between the surface elements of the yarn 
and the yarn axis, in a structure of known 
diameter. 

Twist, Direction of n.—A yarn has S twist 
if, when held in a vertical position, the spirals 
around its central axis conform in direction 
of slope to the central portion of the letter 
“S,” and Z twist if the spirals conform in 
direction of slope with the central portion 
of the letter “‘Z.” 

Nore.—This definition applies to the twist 
in single yarns, the ply twist in plied yarns, 
and the cable or hawser twist in cords. 

Wales, n.: 1. Knitted Fabric—A column of 


loops in successive courses. The column is — 


parallel with the loop axes. 
2. Woven Fabrics.—One of a series of raised 
portions or ribs lying warpwise in the fabric. 
Warp, Ball, n.—A warp in the form of a twist- 
less rope wound into a ball, cheese, or cake. 
Water Resistance (Fabric). See ASTM Methods 
D 583 - 50 T. 
Water Repellency (Textile). See ASTM Methods 
D 583 - 50 T. 


The committee also recommends that 
the following definitions now published 
in the Tentative Definitions of Terms 
Relating to Textile Materials (ASTM 
Designation: D 123 —- 53 T) be continued 
as tentative without change and pub- 
lished as part of Standard D 123. 


- Bleaching, 

Compliance: 1. General and 2. Textile, 
Creep, 

Creep, Primary, 

Creep, Secondary, 

Curve, Load-Deformation, 

. Curve, Stress-Strain, 

. Curve, Tensile Hysteresis, 

. Deformation, 

10. Deformation, Delayed; Creep, __ 
11. Deformation, Immediate Elastic, _ 


Lea, 
13. Lea Skein and Note, 
14. Modulus, 
15. Modulus, Tangent, 


5 Editorial Note: The current definition of 
“Twist, Direction of” applies only to single 
yarns, though this limitation is not stated. 
The revision proposed is generally applicable 
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16. Modulus, Young’s, 
17. Ribbon, Slit, or Cut, 
18. Ribbon, Woven, 

19. Strain, Tensile, 

20. Strength, Breaking, 
21. Strength, Tensile, 
22. Strength, Tensile, Ultimate, 
23. Stress, General, 

24. Stress, Tensile, 

25. Tenacity, 

26. Tenacity, Breaking. 
27. Top 1, Worsted Process, __ 
28. Woolen-Spun and Note, 

29. Worsted-Spun and Note, and 
30. Yarn Uneveness, all 6 definitions. 


REPRESENTATIVE 
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Section 9.—Designate the weight test 
in this section as the Preferred Method, 
and add the following alternate weight 
test as a new Section 10, renumbering 
the subsequent sections accordingly: 


10. (a) Weight, Allernaie Method.—A speci- 
men having an area of at least 20 sq in. (or a 
number of specimens not less than 2 in. square 
and having a total area of at least 20 sq in.) 
shall be cut from the fabric. The oven-dry, 
clean weight shall be determined on this speci- 
men. Unless a specimen the full width of the 
fabric is used, no specimen shall be taken nearer 


TABLE I—PHYSICAL PROPERTIES AND AVAILABLE GRADES OF 


ASBESTOS CLOTHS. 


’ DC = double cloth. 
= herringbone weave. 


4T = twill weave. ~_a 


Standard Specifications for Woven As- 
bestos Cloth (D 677 - 50): 


The committee recommends the 
following tentative revision of this 
standard: 


Table I—Change to read as shown 
in the accompanying Table I. 
Standard Methods of Testing and 

Tolerances for Certain Wool and Part 

Wool Fabrics (D 462 - 53): 


The committee recommends the 
following tentative revision of this 
standard: 


Construction Yarn Number Grades 
sq yd Warp | Filling | Warp | Filling | ¢ 3 | 3 3 
17P24* 1.05 0.035 16 15 24/2 | 24/2 x 
20P28* 1.25 0.036 27 13 28/2 | 28/2 x 
22P 16° 1.40 0.051 18 10 16/2 | 16/2 x x 
24P18* 1.50 0.050 20 14 18/2 | 18/2 x 
26P14* 1.65 0.053 14 14 14/2 | 14/2 p 4 x 
34P10* 2.10 0.062 16 9 10/2 | 10/2 | X | x 
36P10° 2.25 0.070 18 9 10/2 | 10/2 | X | X x |X 
38P12¢ 2.40 0.065 20 12 12/2 | 12/2 x 
39P12¢ 2.45 0.075 27 9 12/2 | 12/2 pa 
40P10* 2.50 0.075 20 10 10/2 | 10/2 | X | xX x |X 
48P10° 3.00 0.080 19 9 10/3 | 10/2 | X | X > 
76P10DC2:° 4.75 0.135 37 16 10/2 | 10/2 | X | X 
40H14° 2.50 0.070 27 14 14/2 14/2| X | xX 
53T12¢ 3.33 0.080 36 12 12/2 | 12/2 aia 
59T 124 3.70 | 0.080 | 40 | 14 | 12/2| 12/2 x 
¢p plain weave. 


the selvedge than one tenth the width of the 
fabric. 

Note 1.—This method is intended for use 
when a small sample of fabric is sent to the 
laboratory for test. The result is considered to 
be applicable to the sample, but not to the piece 
or lot of goods from which the sample was 
taken, unless the number of samples and method 
of sampling are specified and agreed upon by 
those concerned. 

(b) Reference Weight (Including Standard 
Regain).—Reference weight of all woven wool 
fabrics or woven fabrics of blends containing 
wool shall be the oven-dry, clean weight of the 
fabric plus its standard regain. For woven 
fabrics composed of blends containing wool, 
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the standard moisture regain shall be calculated 
as follows: 


Standard regain, per cent = : 
(W X 13.6) + (A X Ra) je 
+ (BX Ro) +--+ (N X Rn) 

100 


where: 

W = percentage wool (clean, dry basis), 

A, B, .... N = percentage (clean, dry basis) 

of fibers a, b, .... m, respectively, and 

Ra, Ro, .... Ra = percentage of standard 

regains of fibers a, b, .... m, respectively. 

Note 2.—Standard Regain.—The standard 

moisture regain shall be 13.6 per cent for woven 

fabrics containing all wool. The standard re- 

gains of the fibers other than wool shall be as 


follows: 

Regain, per cent 


In the case of synthetic fibers not listed in th 
above table, the standard regain value as estab- 
lished by the manufacturer shall apply. 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 


Method of Test for Maximum Residual 
Shrinkage of Silk and Rayon, and 
Acetate Woven Fabrics (D 416-39): 
The committee recommends that this 

method be reverted to tentative and 

revised as appended hereto.® 


Standard Method of Test for Vegetable 
Matter in Scoured Wool (D 1113 - 
52): 

The committee recommends that this 
method be revised and reverted to 
tentative as appended hereto.® 

®The revised method was accepted by the 


Society and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 7. 
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ADOPTION OF TENTATIVES AS STANDARDS 


Tentative Definitions of Terms Relat- 

ing to Textile Materials (D 123- 

53 T): 

On the recommendation of Sub- 
committee B-2, the committee proposes 
that the definitions for the following 10 
terms now appearing in Tentative 
D123-53T be approved for sub- 
mission to letter ballot of the Society 
for adoption as standard: 


1. Break Factor, 6. Shiner, phe. 
2. Cloth, 7. Sticker, es 

3. Fiber, 8. Tow, a, 
4. Hank, 9. Twist,and 

5. Misdraw, 10. Warp. 

Tentative Methods of Quantitative 


Analysis of Textiles (D 629-46 T): 
The committee recommends that this 
tentative be approved for reference to 
letter ballot of the Society for adoption 
as standard with the following revisions: 
New Section.—Insert a new Section 13 
and Note 13 as follows, renumbering the 
subsequent sections and Notes accord- 


ingly: 


METHOD FOR ANALYZING MIXTURES 
CONTAINING NYLON 66 


13. Nylon 66.—(a) This procedure is appli- 
cable to mixtures of nylon 66 with wool, cotton, 
viscose, or cuprammonium rayon. It is not 
suitable for analyzing mixtures of nylon 66 with 
acetate or cultivated silk. 

(b) Test Specimen.—A specimen of approxi- 
mately 2 g shall be analyzed. Remove the non- 
fibrous materials in accordance with the proce- 
dure described in Section 5, and determine the 
oven-dry weight of the clean fiber residue, 
weight C. Before making the analysis, the yarns 
should be cut into lengths of about 2 to 4 mm to 
facilitate dissolving. 

(c) Apparatus Required: 

(1) Erlenmeyer or Other Suitable Flask, 
having a capacity of 500 ml, preferably with 

a ground-glass stopper. 

(2) Fritted Glass Filtering Crucible, medium 
porosity. 
(3) Suction Flask, with adapter. 


(4) Weighing Botile, suitable for containing _ 


fritted glass filtering crucible. 
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Nylon, per cent 


(d) Reagents: - 

(1) Hydrochloric Acid (sp gr 1.139).— 

Dilute HCl (sp gr 1.19) with distilled 

water until the specific gravity of the solu- 

tion is 1.139 at 20C. A glass hydrometer is 
convenient for determining the specific 
gravity of the solution. 

Hydrochloric Acid (2:3).—Mix 2 volumes 
of HCl (sp gr 1.19) with 3 volumes of dis- 
tilled water. 

Ammonium Hydroxide (8:92).—Mix 8 
volumes of NH,OH (sp gr 0.90) with 92 
volumes of distilled water. 

(e) Procedure—Immerse the specimen in 
200 ml HCI (sp gr 1.139) in a 500-ml stoppered 
flask, shake vigorously, and let stand for 15 min 
at a room temperature of 15 to 25C. Shake 
again and leave for a further 15 min, shake for 
a third time, and filter the mixture through a 
weighed fritted glass crucible. Wash into the 
crucible any residue left in the flask, using a 
little more HCl (sp gr 1.139). Apply suction 
to drain the excess liquor from the fiber residue. 

Wash the residue in the crucible with 80 ml 
of HCl (2:3) and then with distilled water 
until the filtrate is neutral to litmus. Disconnect 
the suction, and add to the crucible about 80 ml 
of NH,OH (8:92), allowing the fiber residue to 
soak for 10 min before applying suction to 
drain it. Wash the residue with about 250 ml of 
distilled water, allowing it to soak in the water 
for about 15 min. After the final washing, suck 
the fiber residue reasonably free from the rinse 
water and dry in an oven at 105 to 110C to 
constant weight, weight H (Note 12). 

(f) Calculation.—Calculate the nylon content 
from Eq 20, Section 14 (Note 13). 

Note 13.—Cotton and viscose rayon are 
slightly soluble in HCI (sp gr 1.139). In analyz- 
ing blends containing these fibers, the following 
corrections should be applied: 

Cotton: Increase weight of cotton residue by 

1.0 per cent. 

Viscose Rayon: Increase weight of viscose 

residue by 1.2 per cent. 


Section 13.—Renumber as Section 14 
and add the following Eq 20: 


4 


X 100 ..(20) 


Section 14—Renumber as Section 
15, and renumber Eqs 20, 21, and 22 as 
21, 22, and 23. 


The committee recommends that the 
following 14 tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 


Tentative Methods of Test for: 


Small Amounts of Copper and Manganese in 
Textiles (D 377 - 52 T), 

Colorfastness to Light of Textiles (D 506- 
52 T), 

Resistance of Textile Fabrics and Yarns to 
Insect Pests (D 582-49 T), 

Water Resistance of Textile Fabrics (D 583- 
52 T), 

Evaluating Compounds Designed to Increase 
Resistance of Fabrics and Yarns to Insect 
Pests (D 627 - 49 T), 

Resistance of Textile Materials to Microor- 
ganisms (D 684-53 T), 

Evaluating Treated Textiles for Permanence 
of Resistance to Microorganisms (D 862- 
45T), 

Shrinkage in Laundering of Knit Cotton Fabrics 
(D 1231-52 T), 

Shrinkage in Laundering of Knit Rayon Fabrics 
(D 1232 - 

Sampling Cotton Fibers for Testing (D 1441 - 

Fiber Weight per Unit Length and Maturity of 
Cotton Fibers (Array Method) (D 1442- 
52 T), and 

Sampling and Testing Staple Length of Wool in 
the Grease (D 1234-52 T). 


Tentative Specifications and Methods of Test for: 


Asbestos Yarns (D299-52T), and 
Asbestos Lap (D 1061-52 T). 
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Committee D-14 on Adhesives held 
two meetings during the year: one at the 
Research Center of Wyandotte Chem- 
icals Corp., Wyandotte, Mich., on Octo- 
ber 14 and 15, 1953, and one at Mellon 
Institute, Pittsburgh, Pa., on April 7 
and 8, 1954. 

At the present time Committee D-14 
consists of 103 members, of whom 37 are 
classified as producers, 42 as consumers, 
and 24 as general interest members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, R. F. Blomquist. 

Vice-Chairman, G. F. Lipsey. 

Secretary, C. K. M. Winne. 

Membership Secretary, Alan Marra. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee D-14 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Revision of: 


Standard Definitions of Terms Relating to Ad- 
hesives (D 907 - 52), consisting of the addi- 
tion of definitions for Diluent, Plywood, Glued 
Laminated Wood, and Built-Up Laminated 
Wood. 


Tentative Methods of: 


Test for Adhesives Relative to their Uses as 
Electrical Insulation (D 1304 - 54 T). 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


REPORT OF COMMITTEE 
ON 


ADHESIVES* 


oh 


These recommendations were ac- 
cepted by the Standards Committee on 
March 3, 1954, and March 17, 1954, 
respectively. The new tentative methods 
are appended hereto.! 


PROPOSED METHODS TO BE PUBLISHED > 
AS INFORMATION 


Committee D-14 recommends that 
the following three proposed methods 
be published as information only, as 
appended to this report:? 

Proposed Method for Testing Bonded Specimens 
as Cantilever Beams under Repeated Constant 
Deflection, 

Proposed Method of Test for Susceptibility of 
— Adhesive Films to Attack by Roaches, 
an 

Proposed Method of Test for Susceptibility of 
Dry Adhesive Films to Attack by Laboratory 
Rats. 


NEw TENTATIVES 


The committee recommends that the 
following methods be accepted for pub- 
lication as tentative as appended hereto:! 
Method of Test for Storage Life of Adhesives by 

Consistency and Bond Strength. 

Method of Test for Working Life of Liquid or 


Paste Adhesives by Consistency and Bond 
Strength. 


ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
Tentative Specifications for Impact 
Strength of Adhesives (D 950 — 52 T)* be 


1The new methods appear in the 1954 Sup- 
plement to Book of ASTM Standards, Part 7. 

2The proposed methods appear in the Sep- 
tember, 1954, Compilation on Adhesives. 

31952 Book of ASTM Standards, Part 7. 


he | 
or 
re- | 
in 
6 - 
3 - 
ect 
or 
| 
of 
2- 
‘ 
in 
i 
or: 
— 
> i | 


504 


approved for reference to the letter bal- 
lot of the Society for adoption as stand- 
ard without revision. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives be continued in 
their present status without revision, 
pending further evaluation work and 
study: 


Recommended Practice for: 


Determining the Effect of Artificial (Carbon Arc 
Type) and Natural Light on the Permanence 
of Adhesives (D 904 - 46 T), 

Determining Strength Development of Adhesive 
Bonds (D 1144-51 T), and 

Determining the Effect of Moisture and Temper- 
ature on Adhesive Bonds (D 1151 - 51 T). 

Method of Test for: 


Consistency of Adhesives (D 1084 - 50 T), 

Resistance of Adhesives for Wood to Cyclic Ac- 
celerated Service Conditions (D 1183 - 51 T), 

Strength of Adhesives on Flexural Loading 
(D 1184-51 T), and 


_ Effect of Bacterial Contamination on Perma- 


nence of Adhesive Preparation and Adhesive 

Bonds (D 1174-51 T). 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.‘ 

ACTIVITIES OF SUBCOMMITTEES 

Subcommitiee I on Strength Properties 
(C. B. Heming, chairman) has prepared 
a tensile (cross-lap) method of test 
which the committee is recommending 
for publication as tentative. The method 
of butt-joint testing has developed 
lively interest, and preliminary drafts of 
tensile, cleavage, and impact methods 
of test are under way. Revision of 
Methods D 1184-51 T on Flexural 
Strength is under consideration. 

Subcommitiee III on Permanence (R. 

4 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. 
5 See Editorial Note, p. 505. 
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F, Blomquist, chairman) has prepared 
the two methods on the susceptibility 
of adhesives to attack by cockroaches, 
and to attack by vermin, which are being 
recommended for publication as informa- 
tion. Work is continuing on the revision 
of Method D 1183 - 51 T. 

Subcommittee IV on Working Qualities 
(M. Petronio, chairman) has prepared 
the new methods on adhesive storage 
life, and adhesive working life, which are 
recommended for publication as tenta- 
tive. Two methods of test for consistency 
of adhesives are under study. A method 
of test on the gap filling qualities of 
adhesives for wood is now under con- 
sideration. 

Subcommitiee V on Specifications (F. 
H. Bair, chairman).—Work on a specifi- 
cation for adhesives for acoustical tile is 
progressing through a joint task group 
of Committee C-20 on Acoustical Ma- 
terials, and Committee D-14. Work has 
been started on a specification for ad- 
hesives for fiber-board boxes. 

Subcommitiee VI on Nomenclature 
(F. W. Reinhart, chairman),—Defini- 
tions of the terms “diluent,” “plywood,” 
“glued laminated wood,” “built-up 
laminated wood” have been accepted by 
the Administrative Committee on Stand- 
ards. New definitions and revisions of 
certain terms are under consideration 
by the subcommittee. 

Subcommitiee VII on Research (G. 
W. Koehn, succeeding R. C. Platow as 
chairman) had a discussion meeting at 
the 1953 Fall meeting on various aspects 
of adhesion. At the Spring Meeting Mr. 
Gruse of Mellon Institute gave a com- 
prehensive talk on the various aspects 
of lubrication and the attendant prob- 
lems of adhesion. 

Subcommitiee VIII on Electrical Prop- 
erties (H. A. Perry, chairman) prepared 
the Methods of Test for Adhesives Rela- 
tive to Use as Electrical Insulation 
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(D 1304-54 T) referred to earlier in 
this report as accepted by the Adminis- 
trative Committee on Standards. The 
methods are appended hereto.! 


This report has been submitted to 
letter ballot of the committee, which 
consists of 103 voting members; 84 
members have returned their ballots, of 


whom 79 have voted affirmatively and 0 — 
negatively. 


Respectfully submitted on behalf of 
the committee, 
GERALD REINSMITH, 
Chairman. 
L. M. Perry, 


Secretary. 
ote 


Note 


Subsequent to the Annual Meeting, Committee D-14 presented to the Society 
through the Administrative Committee on Standards the Tentative Method of Test- 
ing Cross-Lap Specimens for Tensile Properties of Adhesives. The method was ac- 
cepted by the Standards Committee on September 1, 1954, and it appears in the 1954 
Supplement to Book of ASTM Standards, Part 7, bearing the designation D 1344 - 


54 T. 
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Committee D-15 on Engine Anti- 
_ freezes held two meetings during the 
‘year: the first in Cincinnati, Ohio, on 
October 9, 1953, and the second in 
; Washington, D. C., on March 19, 1954. 
The Advisory Committee and subcom- 
-mittees held meetings concurrently. 

There have been five resignations 

and four additions to the list of com- 
_ mittee members during the year. At 
present the committee is composed of 
40 active members, of whom 20 are 
d classified as producers, 9 as consumers, 
and 11 as general interest members. 

The one change in subcommittee 
chairmanship occurring during the year 
was the appointment of C. H. Sweatt 
to succeed E. F. Harford as chairman 
of Subcommittee VI on Simulated and 
Actual Service Testing. 

The election of officers for the ensu- 
ing term of two years resulted in the 
selection of the following: 

Chairman, H. R. Wolf. 

Vice-Chairman, R. E. Mallonee. 

Secretary, C. F. Graham. 

Advisory Committee, J. M. Clark, 
V. O. Hatch, J. D. Klinger, J. B. Stob- 
bart, and R. E. Vogel. 


ADOPTION OF TENTATIVES 
AS STANDARD 


Committee D-i5 recommends that 
the following tentative methods be 
approved for reference to letter ballot 
of the Society for adoption as standard 
without change: 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


ENGINE ANTIFREEZES* 


Tentative Method of Test for: 


Reserve Alkalinity of Concentrated Engine 
Antifreezes (D 1121-50 T),! 

Water in Concentrated Engine Antifreezes by 
the Iodine Reagent Method (D 1123 - 50 T),! 

Sampling and Preparation of Aqueous Solu- 
tions of Engine Antifreezes for Testing Pur- 
poses (D 1176 - 52 T),! and 

Freezing Point of Aqueous Engine Antifreeze 
Solution (D 1177-52 T).! 


APPROVAL AS AMERICAN STANDARDS 


The committee recommends that upon 
adoption as standard of the above four 
methods, they be submitted to the Amer- 
ican Standards Assn. for approval as 
American Standard together with the 
following two methods: 


Method of Test for: 

Boiling Point of Engine Antifreezes (D 1120- 
53), and 

Specific Gravity of Concentrated Engine Anti- 
freezes by the Hydrometer (D 1122-53). 
The recommendations in this report 

have been submitted to letter ballot 

of the committee, the results of which 

will be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Physical Proper- 
ties (R. E. Vogel, chairman) reviewed 
the acceptibility and general applica- 
bility of Method D 1120 — 53 for Boiling 
Point of Engine Antifreezes and Method 
D 1122 — 53 for Specific Gravity of Con- 
centrated Engine Antifreezes by the 
Hydrometer and recommended their 
approval as American Standard. 

11952 Book of ASTM Standards, Part 5. 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Subcommitiee IV on Chemical Proper- 
ties (E. G. Travis, chairman).—As a 
result of cooperative test work carried 
out, a precision section was recommended 
for inclusion in the Method for pH of 
Concentrated §_Engine Antifreezes 
(D 1287 - 53 T). The Tentative Method 
of Test for Reserve Alkalinity of Con- 
centrated Antifreezes (D 1121-50T), 
and Method of Test for Water in Con- 
centrated Engine Antifreezes by the 
Iodine Reagent Method (D 1123 - 50 T) 
were reviewed and found satisfactory for 
adoption as standard. 

Study Group on Detection of Anti- 
freezes in Crankcase Oil (A. G. Barber, 
chairman).—At the most recent meet- 
ing of Committee D-15, it was the con- 
sensus that the problem of coolant 
leakage into the crankcase has been 
greatly alleviated in the field. For this 
reason, it was felt that further investiga- 
tions by Committee D-15 of antifreeze 
detection methods in used oil is no 
longer warranted. Accordingly, this 
study group has been discharged. 

Subcommittee V on Effects of Antifreeze 
on Rubber Hose (O. W. Chandler, 
chairman).—Further work by the sub- 
committee in attempting to develop a 
simple laboratory rubber immersion test 
for the evaluation of the effects of anti- 
freeze on rubber hose has resulted in 
considerable progress. A third series of 
tests was completed and resulted in a 
tentative procedure which appears to 
be capable of differentiating between 
antifreezes having materials deleterious 
to rubber hose and those which have little 
or no effect on rubber hose. A fourth 
series of cooperative tests on this method 
is now being undertaken in order to 
evaluate further its limitations with a 
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greater number of antifreezes tested by a 

larger number of laboratories. 
Subcommitiee VI on Simulated and 

Actual Service Testing (C. H. Sweatt, 


chairman).—A 336-hr beaker type cor- — 


rosion test procedure has been evaluated 


by twelve laboratories, using four differ- — 


ent antifreezes and tap water as a con- 
trol. The procedure was found to be 
generally satisfactory, and the metal 


that uninhibited or poorly inhibited 
solutions could be differentiated from 
materials that are suitable for further 
testing. Some revisions are required in 
the procedure and general agreement 
has been reached on the scope for this 
beaker test. 


specimen weight loss data indicated 


The Study Group on Test Methods 


(C. H. Sweatt, chairman) has served as 


corrosion test program being conducted 
by Subcommittee VI. A comprehensive 
summary of collaborative test results 
was submitted, certain modifications in 
the test procedure were recommended, 
and a tentative scope was prepared for 
the subcommittee. A revised corrosion 
test procedure will be prepared for ap- 
proval by the subcommittee. 


an analysis panel for the cooperative | 


This report has been submitted to” 


letter ballot to the committee, which - 


consists of 40 voting members; 33 
members have returned their ballots, 
of whom 32 have voted affirmatively 
and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. R. Wotr, | 


C. F. Grawam, 
Secretary. 


Chairman. 
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Committee D-16 on Industrial Aro- 


matic Hydrocarbons and Related Ma- 
terials and its subcommittees held meet- 
ings in Washington, D. C., on February 
1 and 2, 1954, during Committee Week. 


‘Additional meetings of both the com- 


mittee and its subcommittees are sched- 
uled during the 1954 Annual Meeting. 

The committee is working with Sub- 
committee 17 on Thermometers, of 
Committee E-1 on Methods of Testing, 
regarding revision of specifications for 
the 70 to 120 C and 100 to 160 C distilla- 
tion thermometers specified as alternates 
in the Standard Method of Test for 
Distillation of Industrial Aromatic Hy- 
drocarbons (D 850-50), and also on a 
series of thermometers designed for 
solidification point testing according to 
a procedure now under consideration. 

A membership subcommittee has been 
appointed, with K. H. Ferber as chair- 
man, to whom suggestions as to compa- 
nies who are interested in topics within 
the scope of this committee should be 
addressed. 

The election of officers for the ensuing 
term of two years resulted in the selection 
of the following: 

Chairman, D. F. Gould. 

Vice-Chairman, W. E. Sisco. 

Secretary, F. J. Powell. 


EDITORIAL CHANGE 


The committee recommends the fol- 
lowing editorial change in the Standard 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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Method of Test for Acid Wash Color of 
Benzene, Toluene, Xylenes, Refined Sol- 
vent Naphthas and Similar Industrial 
Aromatic Hydrocarbons (D 848 - 47): 
Scope.—Add the following note: 


Note.—The acid wash test should not be 
applied to saturated hydrocarbons, petroleum 
naphthas, or to non-hydrocarbon solvents. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee A on Monocyclic Aro- 
matics (S. S. Kurtz, Jr., chairman).— 
The following items are being actively 
studied through cooperative tests: 

(1) Bromine Index Determination by 
Potentiometric Titration. The method 
appended to this report? has been circu- 
lated to the committee as information. 

(2) Determination of Thiophene. 

(3) Correlation of Distillation 
Methods. These studies are being carried 
out in connection with ASTM Method 
of Test for Distillation of Industrial 
Aromatic Hydrocarbons (D 850), and 
ASTM Method of Test for Distillation 
Range of Lacquer Solvents and Diluents 
(D 1078). 

The subcommittee has also set up 
task groups to consider spectrographic 
methods, and to formulate specific 
gravity conversion tables for benzene, 
toluene, and xylenes. 

Proposals for specifications for ben- 
zene, toluene, and xylenes to be under 
the joint jurisdiction of Committee D-1 
on Paint, Varnish, Lacquer, and Related 


11952 Book of ASTM Standards, Part 5. 
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Products and Committee D-16 will be 
considered at the June meeting. 
Subcommittee B on Polycyclic Aro- 
matics (M. Mitchell, chairman) has under 
consideration tests applicable to refined 
naphthalene for determination of solidi- 
fication point, color, and moisture. 
Methods for wash test, ash, and non- 
volatile matter and benzene insoluble 
matter have been agreed upon. As soon 


of as agreement is reached on the first 
ol- series, cooperative tests will be started. 
ial Subcommittee C on Phenolic Compounds 


(V. S. Morello, chairman) is working 
on methods for determination of solidifi- 
be cation point, water content, water 
um solubility, and oil and naphthalene. In 
several cases methods currently avail- 
able are not considered to be satisfactory 
and attempts are being made to effect 
improvement. 

Subcommittee D on Nitrogen Hetero- 
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cyclics (W. E. Sisco, chairman) is de- | 
veloping methods for refined pyridine 
covering the determination of distilla- 
tion range, water content, and color. 
Tests for oil content and permanganate 
reactions are being considered. Similar 
methods plus a solidification point test 
are also being developed for refined 
quinoline. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 44 members; 35 returned their 
ballots, all of whom have voted affirma- 
tively. 


Respectfully submitted on behalf of 
the committee, 
D. F. Goutp, 
Chairman. 


>» * 


F. J. PowE Lt, 
Secretary. 


is 
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Scope 


1. This method covers a procedure for 
determination of the bromine index of 
aromatic hydrocarbons by potentio- 
metric titration. 


Outline of Method 


2. The sample is dissolved in a special 
solvent and titrated with 0.02 N bro- 
mide - bromate solution at room tem- 
perature. Shielding from light is not 
necessary. End point detection is by a 
potentiometric method using the com- 
bination of glass versus platinum elec- 
trodes. 


Apparatus 


3. (a) Titrimeter or pH Meter 
equipped with glass and platinum elec- 
trodes. The pair of electrodes shall be 
mounted to extend well below the liquid 
level. 

(b) Buret, 25 ml. 

(c) Mechanical Stirrer that will fur- 
nish a rapid stirring action, but not such 
vigorous stirring that air bubbles will be 
drawn down to the electrodes of the 
titrimeter or pH meter. 

(d) Beaker. 


1This proposed method is under the juris- 
diction of the ASTM Committee D-16 on In- 
dustrial Aromatic Hydrocarbons and Related 


aterials. 
2 Published as information, June, 1954. 


4. 


APPENDIX 


_ PROPOSED METHOD OF TEST FOR BROMINE INDEX OF | 

AROMATIC HYDROCARBONS BY POTENTIOMETRIC 
TITRATION! 

This is a proposed method and is published as information only. 


Comments are solicited and should be addressed to the American 
Society tor Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


al 
ay 


Reagents 


4. (a) Titration Solvent conforming to 
Section 5 (a) of the Tentative Method 
of Test for Bromine Number of Petro- 
leum Distillates (Electrometric Method) 
(ASTM Designation: D 1159).* 

(6) Standard Potassium Bromide - 
Bromate Solution (0.02 N).—Prepare 
and standardize as directed in Section 
5 (6) of Method D 1159, except to make 
suitable adjustments for a 0.02 NW solu- 
tion instead of 0.5 N. 


Procedure 


5. (a) Place 100 ml of titration sol- 
vent in the titration beaker and either 
weigh or pipet the appropriate size 
sample into the solvent. Use the follow- 
ing table as a guide in choice of sample 
size: 


Bromine Grams of 
Sam) 
25 to 30 
10 to 15 
10 


Norte.—The size of sample is limited by the 
tolerance of the solvent - hydrocarbon sample 
mixture for water. If there is too much hydro- 
carbon or too large a titration with aqueous 
bromide - bromate solution, the titration mix- 
ture may eventually separate into two phases. 
If the mixture becomes cloudy or separates into 
two phases, discard the analysis and repeat 
with a smaller sample. 
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- (6) Set the beaker in place on the 
titration stand, insert the glass and 
platinum electrodes, start the stirrer, 
and commence the titration with 0.02 NV 
bromide - bromate solution. Conduct the 
titration in a manner similar to the 
usual potentiometric titrations, taking 
readings of emf versus milliliters of 
titrant. Take care that the rate of addi- 
tion of bromide - bromate solution does 
not exceed 0.5 ml per min. As the end 
point is approached, add the reagent in 
0.2 + 0.05-ml increments and take the 
corresponding emf reading. Consider 
the end point to be reached when a 
0.2-ml increment of reagent causes a 
deflection of at least 0.075, based on 
the maximum deflection after the addi- 
tion of the reagent. 
(c) Run a titration blank on the sol- 
_ vent, following the same procedure but 
omitting the sample. 


REporT OF CoMMITTEE D-16 (APPENDIX) 


{ 


Calculation 


6. The bromine index shall be cal- 
culated as follows: 


(A — B) X N X 7990 
W 


Bromine index = 


where: 

A = milliliters of bromide - bromate 
solution used for titration of the 
sample, 

B = milliliters of bromide - bromate 
solution used for titration of the 
blank, 

N = normality of the bromide - bzo- 


mate solution, and 
W = grams of sample used. 
SUPPORTING DATA a 
Supporting data, obtained in coopera- 
tive tests on this proposed method of 
test for bromine index, are given in 


Tables I and II. 


TABLE II.—COMPARISON OF DIFFERENCES ON SAMPLES WITH AND 
WITHOUT THIOPHENE. 


and 1 6 and 2 7 and 3 8and4 
Thiophene difference, 801 806 815 788 
‘Expected bromine index difference .......... 0 0.8 —0.1 —3.6 
Laboratory Designation 
+2.0 +2.4 +1.8 —0.7 
+4.7 —-1.7 +6.2 —0.4 
Average difference between pairs, 
+1.6 +1.5 +0.7 —3.3 
Deviation of average difference from | 
expected difference.............. +1.6 +0.7 +0.8 +0.3 


* This figure was excluded from the average. 
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Committee D-17 on Naval Stores held 
one meeting during the past year: on 
July 2, 1953, in Atlantic City, N. J., 
during the Annual Meeting of the So- 
ciety. An informal joint meeting of all 
subcommittees was held the previous 
day. 

The committee lost one member by 
resignation, Mr. E. E. McSweeney, who 
represented Battelle Memorial Inst. A 
successor has not yet been named. 

The importance of crystallization in 
certain industrial uses of rosin and the 
inclusion of various test methods and 
requirements on this undesirable prop- 
erty in some consumer specifications for 
rosin resulted in reactivating Subcommit- 
tee II on Crystallization of Rosin. 
Further reference to this work is made 
under subcommittee activities. 

A trial set of glass standards or 
“types” for rosin, made from Lovibond 
(British) glass by the firm of Tintometer, 
Ltd., of Salisbury, England, has been 
received direct from the manufacturers 
for colorimetric examination and com- 
parison with the U. S. Official Standards 
for rosin, made of glass by the U. S. 
Department of Agriculture. The new 
Lovibond rosin types are assembled in 
a manner similar to the U. S. Standards 
by mounting the cemented combinations 
of the Lovibond glasses in a %-in. 
square metal sleeve. The agreement of 
the new types with the U. S. Standards, 
both as to color and appearance, was 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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found to be very good for most of the 
grades. Recommendations regarding in- 
dicated minor color changes to bring the 
remaining grades into better agreement 
have been made. It is understood that 
the new Lovibond glass types or stand- 
ards for rosin will be offered for sale 
in the near future through the New York 
agents of the manufacturer. Additional 
information on this subject can be ob- 
tained from the chairman of the com- 
mittee, Mr. V. E. Grotlisch, Naval 
Stores Branch, Tobacco Division, AMS, 
U. S. Dept. of Agriculture, Washington, 
D.C. 

The ASTM Standard Specifications 
for Spirits of Turpentine (D 13-51), 
now recognized by the Federal govern- 
ment and approved as American Stand- 
ard by the American Standards Assn, 
are being considered for adoption by the 
International Organization for Stand- 
ardization (ISO) Committee on Paints, 
Varnishes and Similar Products. The 
ASTM is participating in the work of 
this ISO committee through the ASA. 
Due to the fact that the United States 
is the principal producing and using 
country for the several kinds of wood 
turpentine, with no foreign production 
of steam distilled wood turpentine, 
certain interests abroad proposed that 
the term “spirits of turpentine” be 
limited for use to gum spirits of turpen- 
tine. This, of course, would be in con- 


flict with the provisions of the Federal — 


Naval Stores Act. For the purpose of 
providing international standard speci- 


| 
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fications for turpentine, suggestion was 
made at a meeting at The Hague, 
Holland, some months ago that a dis- 
tinct and separate specification be pro- 
vided for gum spirits of turpentine, on 
the one hand, and that the several kinds 
of wood turpentine, on the other hand, 
be covered by a different set of specifica- 
tion requirements. No action has been 
taken on this proposal. 

The Standard Method of Test for 
Toluene Insoluble Matter in Rosin, 
(D 269-52), by which contamination 
with foreign matter such as sand, dirt, 
wood chips or bark is determined, has 
been approved as American Standard 
by the ASA. 

The chairman of the committee, 
serving as its representative on Sub- 
committee 18 on Hydrometers of Com- 
mittee E-1 on Methods of Testing, re- 
ports that specifications for ASTM 
specific gravity hydrometers have been 
developed for both light and heavy 
liquids over the entire range from 0.645 
to 1.505. The individual hydrometers 
will have slightly overlapping ranges of 
about 0.050. A special alcohol hydrom- 
eter having a range of 0.945 to 1.005 is 
included. Most of the terpene oils can 
be tested with such hydrometers. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, V. E. Grotlisch. 

Vice-Chairman, J. L. Boyer. 

Secretary, W. A. Kirklin. 


ADOPTION OF TENTATIVE AS 
STANDARD 
The committee, after further consider- 
ation and on the recommendation of its 
Subcommittees IV on Chemical Analysis 
of Rosin and V on Tall Oil, recommends 
that the Tentative Method of Test for 
Rosin Acids in Fatty Acids (D 1240 - 52 
T),' be approved for reference to letter 


1 1952 Book of ASTM Standards, Part 4. 


ballot of the Society for adoption as 
standard without revision. 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Method of Test for Unsapon- 
ifiable Matter in Rosin (D 1065 - 51 T) 
be continued as tentative in view of the 
fact that collaborative work is still 
under way on an alternate method, as 
referred to under subcommittee activ- 
ities.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting* 


AcTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Softening Point of 
Rosin (J. M. Schantz, chairman).—This 
subcommittee is continuing to cooperate 
with the Task Group on Softening Point 
of Committee E-1 in its efforts to con- 
solidate the ASTM Method of Test for 
Softening Point of Bituminous Mate- 
rials (Ring-and-Bal] Method) (D 36- 
26), and ASTM Method of Test for 
Softening Point by Ring and Ball Ap- 
paratus (E28-51T) into a single 
method. 

Progress is reported in the adaptation 
or use of Method E 28 for testing syn- 
thetic resins that cannot be melted for 
pouring the ring sample, but must be 
powdered and pressed into the ring. 
Modification in the design of the ring 
and of the plunger press are under study. 
It has also been reported that improve- 
ments have been made in the electrically 
heated bar type of melting point ap- 
paratus, such as the Dennis-Parr bar. 
Any significant data or information on 


2 See Editorial Note, p. 516. 
* The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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this subject will be brought to the atten- 
tion of the committee. 

Subcommittee II on Crystallization of 
Rosin (S. R. Snider, chairman).— 
The conditions which may induce in 
rosin a tendency to throw out the rosin 
acids in crystal form are under study. 
Some preliminary experiments along 
new lines gave encouraging results. 

Subcommittee IV on Chemical Analy- 
sis of Rosin (R. Herrlinger, chairman).— 
The subcommittee is continuing the 
collaborative analytical work on a modi- 
fication of the previously proposed sepa- 
ratory funnel method for determining 
unsaponifiable matter in rosin. The 
present studies are based on the tests 
made by several collaborators last year. 
If favorable results are again obtained, 
it is proposed to incorporate this method 
as an alternate procedure in the present 
Tentative Method of Test for Unsaponi- 
fiable Matter in Rosin (D 1065 - 51 T). 
The need for an additional more rapid 
method which does not require specially 
designed extraction apparatus was 
pointed up by the discovery that a 
number of samples of gum rosin sub- 
mitted to one of the collaborating 
laboratories for analysis as being repre- 
sentative of the gum rosin derived from 
a native foreign pine species growing in a 
producing country gave appreciably 
higher unsaponifiable content than is 
generally found in American gum rosin. 

Subcommittee V on Tall Oil (A. Pollak, 
chairman) has been studying the ap- 
plicability for testing whole tall oils by 
the new Tentative Method of Test for 
Rosin Acids in Fatty Acids (D 1240- 
52T), developed primarily for the 
analysis of refined tall oils. Recom- 
mendation has been made for adoption 
of this tentative as standard. Addi- 
tional work is under way on the Methods 
of Testing Tall Oil (D 803 - 51) for the 
purpose of improving the modified Wolff 
and the McNicholl procedures for esteri- 
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fying the fatty acids in the determination 
of rosin acids in whole tall oil. 

It has been reported that the time 
provided for the esterification step was 
not long enough and should be ex- 
tended from 2 min to 5 min. 

Recommendation for revising Method 
D 803, by incorporating improvements 
in the tests for rosin acids and unsaponi- 
fiable matter, will be submitted in the 
near future. 

Subcommitiee VII on Terpene Hydro- 
carbons and Pine Oil (R. E. Price, 
chairman).—Progress is being made by 
the E-1 Task Group on Distillation 
in clarifying the difficulties arising over 
the scope and use of the two ASTM 
distillation methods—Test for Distilla- 
tion of Gasoline, Naphtha, Kerosine, 
and Similar Petroleum Products (D 86), 
and Test for. Distillation Range of 
Lacquer Solvents and Diluents (D 1078). 
It has been proposed that Method D 86 
be applied to those solvents and thinners 
having a spread of 10 C (18 F) or more 
between the 10 and 90 per cent distillate 
readings and that Method D 1078 be 
used only for solvents having a spread of 
less than 10 C between the 10 and 90 
per cent distillate recovery readings. 
Under this differentiation, turpentine 
and related terpene hydrocarbon thin- 
ners will continue to come under the 
scope of Method D 86 since there is 
usually a spread of about 15 C between 


the 10 and 90 per cent distilling tem- _ 


peratures. 

Subcommitiee IX on Definitions (J. 
L. Boyer, chairman).—It has been sug- 
gested that the scope of the definition 
for dipentene should cover a wider and 
more detailed range, as is the case in 
the definitions for the various kinds of 
pine oils. Dipentene or a product so 
described is obtained in the refining of 
all kinds of crude wood turpentine, and 
the dipentene from sulfate wood turpen- 
tine seems to be enough different to 


vv 
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warrant a more detailed definition for 
dipentene in general. The matter is 
being studied by the chairman of the 
subcommittee. 

Subcommittee X on Specifications (S. 
R. Snider, chairman).—It has been de- 
cided to defer further action on prepara- 
tion of ASTM specifications for rosin, 
pine oil, and other naval stores products 
(other than turpentine, for which stand- 
ard specifications have been adopted) 
pending further consideration of the 
practicability of such specifications. 
Some members of the committee felt 
that naval stores products were manu- 
factured in so many “tailored” qualities 
or grades, to suit individual consumer 
requirements, that the adoption of an 
ASTM specification for a single grade 
was not desirable and might result in 


Standards, Part 4. 
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confusion between producers and con- 
sumers of such materials. This decision 
was confirmed by letter ballot. The 
subcommittee will discontinue its work 
on specifications for naval stores prod- 
ucts until further notice. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 37 voting members; 30 
members returned their ballots, of 
whom 27 have voted affirmatively and 
0 negatively. 


Respectfully submitted on behalf of 
the committee, 
V. E. Grot.iscu, 


= Chairman. 


W. A. KiRktin, 
Secretary. 


EpiroriAL NOTE 


ny to the Annual Meeting, Committee D-17 presented to the Society - 
through the Administrative Committee on Standards the recommendation that the 

Tentative Method of Test for Unsaponifiable Matter in Rosin (D 1065-517) be re- 
vised. This recommendation was accepted by the Standards Committee on November 
5, 1954, and the revised method appears in the 1954 Supplement to Book of ASTM 
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Committee D-18 on Soils for Engineer- 
ing Purposes held its annual meeting 
at Atlantic City, N. J., on July 2, 1953. 
Executive Committee meetings were 
held on July 1, 1953, at Atlantic City, 
and on January 12, 1954, at Washington, 

Two symposia were sponsored by 
Committee D-18 during the 1953 An- 
nual Meeting of the Society. The first, 
entitled “Lateral Load Tests on Piles” 
(STP 154), occupied two sessions and 
consisted of seven papers with intro- 
ductory and summary remarks. The 
second symposium, entitled “Dynamic 
Testing of Soils’ (STP 156), also oc- 
cupied two sessions and consisted of 
twelve papers and introductory remarks. 
All papers and discussions are being 
published by the Society as_ special 
technical publications. 

The Board of Directors of the Society 
has approved the establishment of a 
C. A. Hogentogler Memorial Award by 
Committee D-18. This award will 
consist of a certificate and will be 
awarded to the author or authors of 
papers of outstanding merit on soils 
for engineering purposes which are 
presented at meetings of the Society. 
The purpose of this award is to stimu- 
late research, to encourage the knowledge 
of soils for engineering purposes, and 
to recognize meritorious effort. The 
award is named in honor of the commit- 
tee’s first chairman who served from 
1936 to 1937 and 1940 to 1944, and will 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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not necessarily be made annually. The | 
Executive Subcommittee authorized the 
establishment of a fund to defray the 
necessary expense connected with the 
initiation and continuance of the award. 
The fund will be raised by voluntary 
subscription of the committee members. 


The death of E. N. McGee, member _ 


of the committee, was announced at the 
June meeting. 

Committee D-18 now consists of a 
total of 125 individual members and 
17 consultants. There are 97 voting 
memberships divided as follows: pro- 
ducers, 16; consumers, 41; and general 
interest members, 40. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, E. J. Kilcawley. 

First Vice-Chairman, W. S. Housel. 

Second Vice-Chairman, F. J. Converse. 

Secretary, W. G. Holtz. 


Assistant Secretary, A. A. Wagner. 


REVISION OF STANDARDS AND 
REVERSION TO TENTATIVE 


The committee recommends that the 
following standards be revised as ap- 
pended hereto! and reverted to tenta- 
tive status: 


Methods of: 


Test for Liquid Limit of Soils (D423 —39),? 

Test for Plastic Limit and Plasticity Index of 
Soils (D 424 — 39),? and 

Mechanical Analysis of Soils (D 422-51)? 


1 The proposed revisions were accepted by the 
Society and the methods as revised appear in the 
1954 Supplement to Book of ASTM Standards, 
Part 3. 

2 1952 Book of ASTM Standards, Part 3. 
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ADOPTION OF TENTATIVE 
AS STANDARD 


The committee recommends that the 
Tentative Method of Test for Amount 
of Material in Soils Finer than the No. 
200 Sieve (D 1140 -50T)* be approved 
for reference to letter ballot of the 
Society for adoption as a standard, with 
the following change: 

Section 4(c).—Add the following note 
to this section: 


Note.—The percentage value secured at the 
end of the test may not be correct (being too 
low) for soils containing relatively high per- 
centages of the minus 200 fraction. This appears 
to be due chiefly to inadequate agitation. When 
it is desired to secure the exact percentage for 
the minus 200 fraction for such a soil, the por- 
tion of the sample passing the No. 40 sieve and 
retained on the No. 200 sieve secured in the 
washing operation, shall be transferred to the 
dispersion cup of the stirring apparatus used 
in the Standard Method of Mechanical Analysis 
of Soils (ASTM Designation: D 422); the cup 
filled half full with water and the contents agi- 
tated for 1 min. After this agitation the con- 
tents of the cup shall be transferred to the 
nested sieves and washing continued. 

If the stirring apparatus has not been used 
prior to the drying of the portion of the sample 
larger than the No. 200 sieve, and it is desired 
to do so after drying, the dried material shall 
be separated on the No. 40 sieve; the portion 
retained shall be saved; and the portion passing 
shall be placed in the dispersion cup with water 
and agitated for 1 min with the stirring ap- 
paratus as previously described. The contents 
of the cup shall be transferred to the No. 200 
sieve, washed, and dried. The revised total 
weight retained on the No. 200 sieve shall be 
secured by combining and weighing the two 
fractions. 


TENTATIVES CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
following tentatives which have stood 
for two or more years without revision 
be continued as_ tentative without 
change: 
Tentative Definitions of: 
Terms and Symbols Relating to Soil Mechanics 
(D 653 - 42 T). 
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Tentative Methods of Test for: 

Moisture-Density Relations of Soils (D 698 - 
42T), 

Shear Strength of Flexible Road Surfaces, Sub- 
grades, and Fills by the Burggraf Shear Ap- 
paratus (D 916 - 47 T), 

Load-Settlement Relationship for Individual 
Piles (D 1143 - 50 T), 

Bearing Capacity of Soil for Static Load on 
Spread Footings (D 1194-52 T), 

Repetitive Static Load Tests of Soils for Use in 
Evaluation and Design of Airport and High- 
way Pavements (D 1195-52T), and 

Nonrepetitive Static Load Tests of Soils for 
Use in Evaluation and Design of Airport and 
Highway Pavements (D 1196 - 52 T). 

Tentative Method of Testing: 

Soil Bituminous Mixtures (D 915 - 47 T). 

Tentative Specifications for: 

Materials for Soil-Aggregate Sub-base, Base, 
and Surface Courses (D 1241-52 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


SUBCOMMITTEE ACTIVITIES 


Subcommittee G-1, Editorial (E. E. 
Bauer, chairman) reviewed all of the 
standards upon which action was taken 
in the committee during the year. 

Subcommittee G-2 on Special Papers 
(C. H. Shepard, chairman) reviewed 
four special papers for presentation at 
the June, 1954, meeting. 

Subcommittee G-3 on Nomenclature 
and Definitions (C. R. Foster, chairman) 
has been engaged in the task of review- 
ing 600 terms prepared by a parallel 
committee of the American Society of 
Civil Engineers. Compilations of the 
definitions are in progress, and after 
completion they will be discussed with 
the parallel A.S.C.E. committee in an 
effort to reach agreement on the defini- 
tions. 

Subcommittee R-2 on Sampling and 


* The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Related Field Testing for Soil Investiga- 
tion (J. O. Osterberg, chairman).—Work 
has been continued on the development 
of standards for the auger sampling, 
split spoon sampling, and Shelby tube 
sampling of soils. 

Subcommittee R-3 on Physical Charac- 
teristics of Soils (Harold Allen, chairman). 
—The subcommittee prepared the revi- 
sionsof Tentative Methods D 423, D 424, 
and D 422, referred to earlier in the 
report. The subcommittee is working 
on revisions of the Tentative Method 
of Test for Moisture-Density Relations 
of Soils (D 698 - 42 T). 

Subcommittee R-4 on Physical Proper- 
ties of Soils (E. S. Barber, chairman) has 
been arranging for a Symposium on 
Permeability of Soils for the 1954 Annual 
Meeting of the Society. After this 
symposium, activity will resume on 
permeability test standards. 

Subcommittee R-7 on Identification and 
Classification of Soils (A. A. Wagner, 
chairman).—Through Subcommittee G-3 
agreement has been reached on a pro- 
posed list and descriptions of soil com- 
ponents. A review of the 1950 symposium 
and other classification systems not 
contained therein will be made toward 
the development of standards on soil 
classification 

Subcommittee R-8 on Special and Con- 
struction Control Tests (H. F. Clemmer, 
chairman) has made progress in the 
preparation of methods of test for the 
California Bearing Ratio, the Burggraf 
shear test, the moisture-density rela- 
tion of soils, and tests on bituminous 
mixtures. The soil-cement section is 
considering two test methods for deter- 
mination of cement content which may 


‘Issued as separate publication ASTM STP 
No. 168. 
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be specified as alternates for the present 
method. In addition, the subcommittee 
has submitted a method of test for 
determining chlorides in soils and recom- 
mended changes in the gradation require- 
ments for soils material for surfaces and 
base courses. 

Subcommittee R-9 on Dynamic Proper- 
ties of Soils (R. K. Bernhard, chairman). 
—Most of the activities of this subcom- 
mittee centered around the Symposium 
on Dynamic Testing of Soils. The publi- 


cation of the twelve symposium papers — 


presented at the 1953 Annual Meeting 
and a bibliography is now in process 
as Special Technical Publication (STP) 
No, 156. A glossary of terms relating to 
soil dynamics will be prepared. 

Subcommitiee R-10 on Bearing Tests 
of Soil in Place (L. A. Palmer, chair- 
man.—In 1953 the subcommittee spon- 
sored the Symposium on Lateral Load 
Tests on Piles, now published as Special 
Technical Publication (STP) No. 154. 
The symposium was planned to provide 
the subcommittee with material from 
which it might work out a lateral load 
test procedure similar to the procedure 
for vertical load tests covered by Method 
D 1143-50T. The subcommittee ex- 
pects to study this problem. 


This report has been submitted to — 


letter ballot of the committee, which 


consists of 97 voting members; 76 mem- — 
bers returned their ballots, of whom 73 ; 


voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 


the committee, 
E. J. Kitcaw.ey, 


Chairman. 
W. G. Hotzz, 
Secretary. 
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Committee D-19 on Industrial Water 
and all of its subdivisions held meetings 
on June 29, July 1 and 2, 1953, in At- 
lantic City, N. J., and on February 3 to 
5, 1954, in Washington, D. C. 

A paper entitled “A Comparison of 
Methods of Testing for Dissolved Oxygen 
in Waters of High Purity,” by W. L. 
Riedel, was presented on July 1, 1953, at 
a session of the Annual Meeting.' The 
paper reported the results secured at the 
Dissolved Oxygen Clinic, held during 
July, 1952, under the sponsorship of Sub- 
committee IV on Methods of Analysis. 

Recommendations relative to the 
Manual on Industrial Water, STP No. 
148, January, 1953, have been submitted 
to the Society. The recommendations 
cover the inclusion in the second print- 
ing of the first edition of a subject index, 
the alphabetical and numerical listing 
of the methods in the Table of Contents, 
and the addition of all of the methods of 
the committee accepted through De- 
cember, 1953. This second printing is 
expected to be ready later in the year.” 

The proposals for the reorganization 
of the structure of Committee D-19 on 
Industrial Water have been returned to 
the task group of origin for restudy. 

The committee has accepted by letter 
ballot vote the Rules for the Committee 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
1 P-oceedings, Am. Soc. Testing Mats., Vol. 53, 
. 1103 (1953). 
2 Issued as separate publication ASTM STP 
No. 148-A. 
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D-19 Achievement Award (Max Hecht 
Award) issued August 1, 1953. 
Members of the committee appointed 
as liaison representatives by the Society 
to serve on committees of other organiza- 
tions* have filed reports of activities with 
Society Headquarters. 
The committee officers elected by 
virtue of the letter ballot vote on this 
report, to serve the two-year term 


starting July 1, 1954, are as follows: 
Chairman, Max Hecht. a 


Vice-Chairman, R. C. Adams. 

Vice-Chairman, F. R. Owens. 

Secretary, O. M. Elliott. 

At present, the committee numbers 
117 members. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee D-19 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 


Tentative Method of: 

Test for Chlorine Requirements of Industrial 
Water and Industrial Waste Water (D 1291 - 
53 T), 

Test for Odor of Industrial Waste Water 
(D 1292 - 53 T), and 

Determination of pH of Industrial Waste 
Water (D 1293-53 T). 


These recommendations were accepted 
The organizations and the representatives 


are published in the 1953 ASTM Year Book, 
p. 509. 
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by the Standards Committee on Sep- 
tember 9, 1953, and the tentative 
methods appear in the 1953 Supplement 
to Book of ASTM Standards, Part 7. 


PROPOSED METHODS FOR PUBLICATION 
AS INFORMATION 


The committee submits the following 
five new proposed methods with the 
recommendation for publication as in- 
formation as appended hereto: 


Method of Test for Hardness of Industrial 
Water, 

Method of Test for Hydroxide Ion in In- 
dustrial Water, 

Method of Test for Nitrate Ion in Industrial 
Water, 

Method of Test for Sulfite Ion in Industrial 
Water, 

Method of Test for the Evaluation of the 
Acute Toxicity of Industrial Waste to Fresh 
Water Fishes. 


The first four methods were prepared 
by Subcommittee IV and appear as Ap- 
pendix II‘; the fifth was prepared by 
Subcommittee VII, and appears as Ap- 
pendix 


New TENTATIVES 


The committee recommends the fol- 
lowing three new proposed methods for 
publication as tentative as appended 
hereto :* 


Method of Test for Sulfite Ion in Industrial 
Water, prepared by Subcommittee IV, 

Method for the Measurement of the Thick- 
ness of Deposits on the Internal Tubular 
Surfaces of Heat Exchangers, prepared by 
Subcommittee VI, and 

Method of Test for Oily Matter in Industrial 
Water, prepared by Subcommittee VII. 


Supporting data for the Method of 


4The proposed methods appear in the Sep- 
tember, 1954, printing of the Manual on Indus- 
trial Water. (Issued as separate publication 
ASTM STP No. 148-A.) 

5 The proposed method was subsequently rec- 
ommended for publication as tentative through 
the Administrative Committee on Standards and 
appears in the 1954 Supplement to Book of ASTM 
Standards, Part 7, as well as in the September, 
1954, printing of the Manual on Industrial Water. 
(Issued as separate publication ASTM STP No. 
148-A.) See Editorial Note, p. 526. 

®The new methods were accepted by the 
Society and appear in the 1954 Supplement to 
Book of ASTM Standards, Part 7. 
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Test for Oily Matter is given in the Ap- 
pendix to this report.’ 


REVISION OF TENTATIVES 


The committee recommends that the 
following five methods be revised as indi- 
cated and continued as tentative: 

Tentative Methods of Test for Total 
Carbon Dioxide and Calculation of the 
Carbonate and Bicarbonate Ions in In- 
dustrial Water (D 513-50 T).3—Com- 
pletely revised by Subcommittee IV as | 
appended hereto.° 

Supporting data for the revised 
methods of test for total carbon dioxide 
is given in the Appendix to this report.’ 

Tentative Methods of Test for Suspended 
and Dissolved Solids in Industrial Water 
(D 1069 49 Completely revised 
by Subcommittees IV and VII as ap- 
pended hereto.° 

Tentative Methods of Sampling Indus- 
trial Water (D 510 — 52 T).2—Revised as 
follows as recommended by Subcom- — 
mittee III: 

Section 1 (a).—Change to read as 
follows: 

(a) These methods cover the sampling 
of industrial water for physical, chem- _ 
ical, or biological tests. 

Retain the present Footnote 3. 

Section 27 (e).—Add a paragraph e as — 
follows: 


(e) When the water to be sampled is confined — 7 
at low or subatmospheric pressure, special — 
means must be provided to extract the sample. 
The simplest arrangement, where physical : 
conditions permit, is the installation of a 
barometric leg. A second method may consist 
of a small pump? arranged to discharge into the 
sampling container at atmospheric pressure. 
The pump should be of such material and 
construction that the sample will not be con- — 
taminated. The sample receiver may also be 
located between the pump and the sampling 


*Two commercially available pumps that 
appear to be suitable for this service are the 
‘Sigma Motor” and the “Vanton.” 


7 See p. 527. 

8 1952 Book of ASTM Standards, Part 7. 

® The revised methods were accepted by the © 
Society and appear in the 1954 Supplement to. 
Book of ASTM Standards, Part 7. 
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point. With this arrangement, the receiver 
must be valved off, equalized to atmospheric 
pressure, and drained into a container. 


Tentative Methods of Sampling Steam 
(D 1066-49T) *—Revisions are appended 
hereto.” 

Tentative Method of Test for Chloro- 
form-Extractable Matter in Industrial 
Water (D 1178-51 T).2—Revised as fol- 
lows as recommended by Subcommittee 
IV: 

Title——Change to read “Tentative 
Method of Test for Chloroform-Extract- 
able Matter in Industrial Water and 
Industrial Waste Water.” 

- Section 1—Change to read as follows: 


1. Scope and Application.—(a) This method 
covers the separation of chloroform-extractable 
matter from industrial water and industrial 
waste water, and the gravimetric determination 
of that portion of the extract which is not lost 
upon evaporation of the chloroform. This 
residue may contain one or more members of 
several classes of compounds, among which are 
heavy oils and fats, trace amounts of phenols, 
rubber and certain resins, asphaltenes and 
carbenes, and decomposition products of tannin. 

(b) This method is applicable to the deter- 
mination of heavy oils in industrial water and 
industrial waste water. It is not intended to 
determine materials that volatilize under the 
conditions of test nor to determine specific 
oils, greases, and organic compounds. When 
such information is desired, the residue obtained 
by this method may be subjected to further 
extraction with specific solvents agreed upon 
___ by the interested parties. 


Retain the present Footnote 3. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends revisions 
of the Standard Method of Reporting 
Results of Analysis of Industrial Water 
(D 596 — 49)* as appended hereto” with 
the recommendation that the method be 
published as tentative and the standard 
method withdrawn. 
1 The proposed revisions were accepted by the 
Society and the methods as revised appear in the 


1954 Supplement to Book of ASTM Standards, 
Part 7. 


_ from the sample by filtration. (D 1069) 


ADOPTION OF TENTATIVE AS 
STANDARD 


The committee recommends that the 
Tentative Method of Sampling Water 
from Boilers (D 860 - 51 T)* be adopted 
as standard without change, on the 
recommendation of Subcommittee III. 


a REVISION OF STANDARD, 
ADopTIoN 


The committee recommends for im- 
mediate adoption the following revisions 
of the Standard Definitions of Terms 
Relating to Industrial Water (D 1129- 
53)" and accordingly asks for a nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society: 

In Part I of these definitions, add a 
new definition for “part per billion” and 
change the present definitions for “dis- 
solved matter,” “suspended matter,” 
and “total matter” to read as follows: 


Part per Billion (ppb).—A measure of propor- 
tion by weight, equivalent to a unit weight of 
solute per billion (10°) unit weights of solution. 
(D 596) 

Note.—A part per billion is generally con- 
sidered equivalent to one millionth of a gram 
per liter, but this is not precise. A part per 
billion is equivalent to a milligram of solute 
per one thousand kilograms of solution. 

Dissolved Matter (Dissolved Solids).—The 
dried residue from evaporation of the filtrate 
after separation of suspended matter (suspended 
solids). (D 1069) 

Suspended Matter (Suspended Solids).—That 
matter (those solids) which can be separated 


Total Matter (Total Solids).—The sum of the 
suspended and dissolved matter (solids). 
(D 1069) 


In Part IV of these definitions, revise 
the title by changing “Water Borne 
Industrial Wastes” to read ‘Industrial 
Waste Water,” and add the following 
new definitions: 

Chlorine Requirement.—The amount of 
chlorine, expressed in parts per million, required 


11953 Supplement to Book of ASTM 
Standards, Part 7. 
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to achieve under specified conditions the ob- 
jectives of chlorination. (D 1291) 

Floating Matter—That matter which passes 
through a No. 10 (2000-micron) sieve and which 
can be separated by flotation for 1 hr. (D 1069) 

Ignited Matter (Fixed Solids).—Residue 
remaining after ignition of suspended matter or 
dissolved matter at 600 + 25 C for 30 min. 
(D 1069) 

Non-Oily Suspended Matter—That  sus- 
pended matter which remains as residue after 
extraction by benzene or chloroform. (D 1069) 

Nonsettleable Matter—That matter which 
passes through a No. 10 (2000-micron) sieve 
and does not float to the surface or settle in a 
period of 1 hr. (D 1069) 

Oily Matter—Hydrocarbons, hydrocarbon 
derivatives, and all liquid or unctuous substances 
that have boiling points of 90 C or above and 
are extractable from water at pH 5.0 or lower, 
using benzene as a solvent. 

Note.—Chloroform or carbon tetrachloride 
may be substituted for benzene to avoid fire 
hazard or emulsion difficulties. The oily matter 
extracted by these solvents is, for practical 
purposes, the same material as that extracted 
by benzene. 

Settleable Matter.—That matter which passes 
through a No. 10 (2000-micron) sieve and which 
can be separated by sedimentation for 1 hr. 
(D 1069) 


Volatile Matter.—Apparent loss of suspended . 


matter or dissolved matter due to ignition at 
600 + 25 C for 30 min. (D 1069) 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following be continued as tentative with- 
out revision as recommended by Sub- 
committee IV: 


Tentative Methods of: 


Test for Silica in Industrial Water (D 859 - 
50T), 

Test for Dissolved Oxygen in Industrial Water 
(D 888 - 49 T), 

Test for Acidity and Alkalinity in Industrial 
Water (D 1067 - 51 T), 

Test for Iron in Industrial Water (D 1068 - 
49T), 

Test for Electrical Conductivity of Industrial 
Water (D 1125-50 T), 

Test for Sodium and Potassium in Industrial 
Water (D 1127-50T), 
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Identification of Types of Microorganisms in 
Industrial Water (D 1128 - 50 T), 

Test for Fluoride Ion in Industrial Water 
(D 1179 - 51 T), 

Examination of Water-Formed Deposits by 
Chemical Microscopy (D 1245-52T), and 

Test for Iodide and Bromide Ions in Industrial 
Water (D 1246 -52T). 


Tentative Specifications for: 

Equipment for Sampling Industrial Water 
and Steam (D 1192 - 51 T), and 

Reagent Water (D 1193 - 52 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I, Advisory (Max Hecht, 
chairman).—In addition to the prepara- 
tion of a subject index of the Manual on 
Industrial Water, the Advisory Com- 
mittee has recommended to Subcom- 
mittee II a long range project consisting 
of a study for a proposed expansion of — 
the contents of the Manual, by the re- 
visions of existing chapters or additional 
new ones, or both, to cover material per- 
tinent to industrial waste water. 

The committee approved two policies 
at its February 5 meeting, which provide 
for improvement of the administration 
of the committee and the operation of 
the subdivisions. 

1. It approved the use of condensed 
tabulated schedules of meetings pre- 
pared for the February meetings, with 
the following changes: 

The task group meetings are to be ; 
scheduled by the respective subcom- 
mittee chairmen to reduce conflicts to — 
a minimum. 

2. In instances where more than one 
task group has been directed to prepare ~ 
methods for similar ions or substances, 
the subcommittee chairmen concerned 
are directed to establish by agreement a — 


task group in one subcommittee. The _ 


members of the single task group are to 
be those committee members serving 
as cooperators in the preparation of the 
method. This policy is, in effect, a re- 
affirmation of the subject covered in 


: 
; 
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Section 3, Article A, Part III, of the 
Guide for the Administration and Opera- 
tion of Committee D-19 (1952). This 
coordination is to be made effective at 
the onset of and during the preparation 
of the method, when more than one sub- 
committee has equal interests in the 
method. 

The Board of Directors approved in 
September, 1953 the rules for the Com- 
mittee D-19 Achievement Award. It 
directed that the name be altered to 
read “Max Hecht Award.” The rules, 
together with those of other committees, 
will be published by the Society in 
pamphlet form. 

An Awards Nominations Task Group 
has been appointed consisting of David 
Milne, term expiring June 30, 1955; 
A. A. Berk, term expiring June 30, 1956; 
and G. F. Wiest, term expiring June 
30, 1957. The senior member will serve 
as chairman and a replacement will be 
made each year for a three-year term. 

Effective June 30, 1954, Eli Mandel 
resigned as Secretary of Subcommit- 
tee III, and B. W. Dickerson, as 
Secretary of Committee D-19. A. O. 
Walker was appointed to the subcom- 
mittee effective July 1, 1953, and J. K. 
Rice was added to the subcommittee 
February 3, 1954, as Secretary of Sub- 
committee VI. 

The following appointments have been 
accepted to serve on the Informal Task 
Group to Secure Uniformity of Methods 
for the Examination of Water: Gail P. 
Edwards, Chairman, Standard Methods 
of Sewage and Industrial Waste Analy- 
sis, of the Federation of Sewage and 
Industrial Waste Associations, and John 
E. Kinney, of the Ohio River Valley 
Water Sanitation Commission. 

Subcommittee II on Definitions and 
General Specifications (S. K. Love, chair- 
man): Section A, Manual (R. D. Hoak, 
chairman) completed the preparation 
of an index for inclusion in the second 


edition scheduled for early publication.? 
There will also be included those methods 
approved and released by the Society 
subsequent to publication of the first 
edition. Plans are proceeding for revision 
and expansion of the Manual to include 
a discussion of industrial wastes. Al- 
though not definitely determined, it is 
hoped that the expanded Manual will 
be ready for publication in 1956. 

Section B on Terminology and Nomen- 
clature (R. E. Price, chairman) reviewed 
and approved definitions included in 
methods recently published by the So- 
ciety and in methods approved for pub- 
lication. The section accepted an 
assignment for developing acceptable 
definitions for precision and accuracy. 

Section D (R. J. Austin, chairman), in 
cooperation with Section D of Sub- 
committee VII, undertook the revision 
of Method D 596 on reporting results 
of analysis of industrial water. The re- 
vised method will include waste water. 

Subcommittee III on Methods of 
Sampling (O. M. Elliott, chairman).— 
The subcommittee recommended: 

The adoption as standard of the 
Tentative Method of Sampling of 
Water from Boilers (D'860-'51;T), with- 
out revision, 

The revision of the Tentative Method 
of Sampling of Industrial Water (D 510 - 
52 T), the revision to include added sec- 
tions covering the sampling of water at 
subatmospheric pressure, and 

The revision of the Tentative Method 
of Sampling of Steam (D 1066 - 49 T), 
the revision to add sections describing 
the sampling of steam at subatmospheric 
pressure with illustrations of the ap- 
paratus. 

Subcommittee IV on Methods of Analy- 
sis (Frank E. Clarke, chairman) has 
prepared revisions of the Tentative 
Methods of Test for Carbon Dioxide in 
Industrial Water and for Chloroform 
Extractable Matter in Industrial Water. 
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Special adaptations of existing, or pro- 
posed, ASTM non-referee methods of 
test for hardness, hydroxide, nitrate, and 
sulfite in industrial water have been 
prepared for prospective use in Ap- 
pendix 7 of the ASME “Suggested Care 
of Power Boilers.” 

Section A, Analytical (Frank E. 
Clarke, chairman) reported progress in 
preparation of new and revised methods 
for organic carbon by dichromate oxida- 
tion, dissolved oxygen, phosphate, am- 
monia by both distillation and straight 
colorimetric techniques, sulfate by turbi- 
dimetry, sulfite, dissolved hydrogen, 
fluoride, sulfide, turbidity and color, 
and suspended and dissolved solids. The 
last three are joint tasks with Subcom- 
mittee VII. The work on dissolved oxy- 
gen will include two elaborate test 
clinics for evaluation of relative ac- 
curacies of several methods. 

Section B, Electrometric Methods (R. 
Rosenthal, chairman) has completed a 
final draft of method for measurement of 
oxidation-reduction characteristics of in- 
dustrial waters and waste waters. This 
soon will be circulated for letter ballot of 
the committee. 

Section C, Instrumental Methods 
(A. O. Walker, chairman) has made 
progress in preparing methods for flame 
photometric measurement of sodium 
and potassium and optical spectroscopic 
examination of water deposits. A new 
task group has been established to de- 
velop methods for surface tension 
measurements on industrial water and 
industrial waste water. 

Section D, Analysis of Deposits (F. 
U. Neat, chairman) has completed a 
new proposed scheme for deposit analy- 
sis. Cooperating laboratories will test 
this scheme on a master deposit to be 
provided by the chairman. 

Subcommittee VI on Corrosivity Testing 
(Frank W. Alquist, chairman) reports 
material progress on two projects. Two 
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new projects were planned at the Febru- 
ary meeting. 

The Task Group on the Determination 
of Thickness of Internal Deposits on 
Tubular Heat Exchange Surfaces has 
completed the work on this project for 
inclusion in the Report of Committee 
D-19., 

The Task Group on Service Testing of 
Tubular Metallic Materials has _re- 
designed the test apparatus and is con- 
tinuing its testing. The subcommittee 
desired cooperation in securing detailed 
data on the chemical composition and 
the identification of water-formed de- 
posits to supplement the photographic 
record of the deposits. 

A new task group is being formed to 
set up testing procedures for ion ex- 
change resins used for industrial water. 

The Task Group on Radioactivity 
Testing has a new project—the use of 
radioactive tracers in testing of hydraulic 
characteristics of gravity separators. 

Subcommittee VII on Industrial Waste 
Water (L. Drew Betz, chairman) polled 
the membership relative to the absorp- 
tion of Subcommittee VII into the other 
Subcommittees of Committee D-19. The 
poll indicated that a majority of the 
members expressing opinion did not favor 
such a move. Consequently, the matter 
was referred back to Committee D-19 
with the suggestion that the matter be 
returned to the Task Group studying 
the proposed revision of D-19 structure. 


The scope of Subcommittee VII has 
been changed to include the word “Gag- _ 


ing.” The scope of Subcommittee VII 
now reads: “This Subcommittee shall 
prepare methods of sampling, gaging, 
and testing for constituents of industrial 
waste water, preservation of samples, 
and recording of results.” 

Section A on Critical Constituents of 
Industrial Waste Water has found it 
impractical to set critical constituents 
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in various industrial waste waters. Ac- 
cordingly, this section has been dissolved 
and the information compiled to date 
will be turned over to Subcommittee IT 
which is working on revision of the 
Manual. 

Section B on Analytical Methods (R. 
F. Weston, chairman) has completed 
the method of Suspended and Dissolved 
Solids. The method on toxicity to 
aquatic life has also been prepared 
and is recommended for publication, as 
information only.’ The methods on pH 
and odor are being advanced from “in- 
formation only” status to a “tentative” 
status. A method on chlorine requirements 
has also been developed. 

Section C on Gaging and Sampling of 
Industrial Waste Water has been re- 
organized with J. B. Smith as new chair- 
man, 

Section D on Reporting Analysis of 
Industrial Waste Water (W. W. Hodge, 


EpiToriAL NOTE 
Subsequent to the Annual Meeting, Committee D-19 presented to the Society 
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chairman) has recommended that the 
Suggested General System for Reporting 
Test Data on Industrial Waste Water, 
which was published as information only 
with the 1952 Report of Committee D-19, 
be referred to Subcommittee II for con- 
solidation in a revision of Method D 
596, Reporting Results of Analysis of 
Industrial Water, with a change of title 
to include “Waste Water.” 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 117 members; 68 members re- 
turned their ballots, of whom 63 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
Max HEcat, 
Chairman. 
Bruce W. DICKERSON, 


Secretary. 


through the Administrative Committee on Standards the Tentative Method of Test __ 
for the Evaluation of the Acute Toxicity of Industrial Waste Water to Fresh Water _ 
Fishes. The method was accepted by the Standards Committee on September 28, 1954, 
and it appears in the 1954 Supplement to Book of ASTM Standards, Part 7, bearing 


the designation D 1345 - 54 T. 
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SUPPORTING DATA RELATING TO NEW AND REVISED 
_ METHODS OF TESTING INDUSTRIAL WATER AND 
INDUSTRIAL WASTE WATER 


Supporting data relating to the new and revised methods for industrial water and 
industrial waste water, included in the Report of Committee D-19, are given in 
this Appendix. 


SupporRTING Data RELATING TO THE PROPOSED ‘TENTATIVE METHOD OF TEST 
FOR Orry MATTER IN INDUSTRIAL WASTE WATER 


Data obtained in the evaluation of this method are presented in Table I. Data 
obtained on oily matter boiling above 300 F, by omitting the preliminary distilla- 
tion and starting with the extraction, are presented in Table IT.! 


WASTE WATER. , ‘ 


ily. | percent. TABLE Il.—DETERMINATION OF OILY 
Oily Matter Added rere Recov- | age Re- MATTER BOILING ABOVE 300 F IN 
covery INDUSTRIAL WASTE WATER. 
10 | 8.6| 86 Matter | Metter 
. r t | 
10 | 86 oily Matter Added | Matter | Matter, Rereentae 
10 9.1] 91 = 
10 9.0} 90 
37.5 | 40.5 107 
10 8.3 | 83 47.2 | 49.3 | 104 
52.1 54.9 | 105 
75 | 75.6} 101 
4 SAE 70 of plus || 75 | 70.4) plan) 88.1 | 87.5 | 110 
kerosene plus 75 71.0 95 54.3 59.0 108 
1¢ gasoline....... 75 72.5 97 54.3 51.7 95 
75 | 69.9| 93 
80.7 | 80.9 99 
150 | 144 96 
150 147 98 Average 104.4 
150 | 140 93 
150 150 100 Mean deviation from known...... 5.5 
150 149 99 Maximum deviation from known... 10 7 


SupporRTING DATA RELATING TO THE PROPOSED REVISED TENTATIVE METHODS 
oF TEST FOR CARBON D1I0xXIDE AND CALCULATION OF THE CARBONATE AND 
BICARBONATE IONS IN INDUSTRIAL WATER 


Data showing the effects of various interferences, as determined from test on the 
Proposed Non-Referee Method for Total Carbon Dioxide, are given in Table IIT. 


1A, F. S. Musante, “‘Determination of Oil in Refinery Waters,” Analytical Chemistry, Vol. 23, 
pp. 1374-1379 (1951). 
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TABLE III.—_INTERFERENCE OF PHOSPHATES, SILICATES, IRON, ALUMINUM, 
AND MAGNESIUM WITH THE DETERMINATION OF TOTAL CARBON DIOXIDE 


REPoRT OF CoMMITTEE D-19 (APPENDIX) 


¥ 


| 


IN WATER. 
CO: Interference Present, ppm 
Sample Present CO: Found, ppm 
PO! | | Fe* | A> | Mg* | 
20.15 21.0 (Average of 10) 
46.5 en 46.5 (Average of 10) 
9.0 9.0, 9.5, 9.5, 8.0, 11.0 
G. 52.0 200 53, 52, 50, 52, 51.5 
52.0 50 55, 53, 51, 52 
52.0 25 56, 53, 54, 53 
52.0 50 51, 52, 54, 49, 51.5 
52.0 25 55, 54, 53, 52 
10.5 25 | 8.5, 9.5 
47.0 ; 26 | 47 
47.0 26 | 47 
47.0 26 | 46 


@ PQ,, SiOe, and Fe afforded no great difficulty. 


+’ The presence of 25 ppm Al tended to result in an elusive end point during the preliminary 


titration with 0.04 N HCl. 


¢ The presence of Mg resulted in a fading end point. If the titration is carried out very carefully 
and slowly to an end point that remains for 1 min, good results can be obtained. 
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Committee D-20 on Plastics, and its 
subcommittees, held three meetings dur- 
ing the year: at Atlantic City, N. J., on 
June 30 to July 2, 1953; on September 
28 to 30, 1953; and at Roanoke, Va., 
on March 22 to 24, 1954. The Advisory 
Committee also met at these times. 
Committee D-20 continues to partici- 
pate in the work of Technical Committee 
61 of the International Organization 
for Standardization (ISO), the American 
Group for which has been set up under 
Committee D-20 with representation 
from the other interested groups. A 
number of representatives from this 
country attended the last meeting of 
ISO/TC 61 which was held in Stockholm, 
Sweden, on August 10 to 14, 1953. At 
that meeting several proposed test meth- 
ods were approved for circulation to 
member nations for comment or ap- 
proval, many of them adaptations of 
ASTM standards. G. M. Kline served as 
meeting chairman, and Robert Burns, 
chairman of the American Group, was 


leader of the American delegation. Close’ 


liaison is being developed between 
ISO/TC 61 and Technical Committee 15 
of the International Electrotechnical 
Commission. 

The next meeting of ISO/TC 61 is 
scheduled for October 4 to 8, 1954, in 
Brighton, England. 

Committee D-20 has concentrated its 
attentions for the most part on specifica- 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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tions for the basic materials; its work is 
now being extended to include engineer- 
ing products, and in order to point up 
this work more effectively and to bring 
in the work on reinforced plastics and 
plastic pipe as well, there are being set up 
five subcommittees in place of the 
present Subcommittee VI on Specifica- 
tions, as follows: 

Subcommittee XV on Thermoplastic 
Materials. 

Subcommittee XVI on Thermosetting 
Materials. 

Subcommittee XVII on Plastic Pipe 
and Fittings, functioning as a Joint 
Committee of the ASTM and the 
Society of the Plastics Industy. 

Subcommittee XVIII on Reinforced 
Plastics. 

Subcommittee XIX on Plastic Film 
and Sheeting. 

At the spring meeting of the com- 
mittee, the following officers were elected 
for the ensuing two-year term: 

Chairman, R. K. Witt. 

First Vice-Chairman, W. A. Zinzow. 

Second Vice-Chairman, F. W. Rein- 
hart. 

General Secretary, G. M. Armstrong. 

Membership Secretary, B. L. Lewis. 

The following subcommittee chairmen 
were newly appointed: I. L. Hopkins, 
to Subcommittee VIII on Research; 
F. Y. Speight, to Subcommittee X on 
Definitions, Nomenclature, and Sig- 
nificance of Tests; and G. H. Mains, to 
Subcommittee XIV on Conditioning. 
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RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee D-20 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 

Tentative Specifications and Methods of Test for: 

Laminated Thermosetting Decorative Sheets 
(D 1300 - 53 T). 

Tentative Method of Test for: 

Shrinkage of Molded and Laminated Thermo- 
setting Plastics at Elevated Temperature 
(D 1299 - 53 T), and 

Total Chlorine in Vinyl Chloride Polymers and 
Copolymers (D 1303 - 53 T). 

Revision of Tentative Definitions of: 

Terms Relating to Plastics (D 883 - 53 T). 


The new tentatives D 1299 and D 1300 
were accepted by the Standards Com- 
mittee on September 9, 1953; the new 
tentative D 1303 and the revision of 
tentative D 883 were accepted on De- 
cember 16, 1953. With the exception of 
Method D 1300, these tentatives appear 
in the 1953 Supplement to Book of 
-ASTM Standards, Part 6. Methods 
D 1300 appear in the 1954 Supplement to 
Book of ASTM Standards, Part 6. 

RECOMMENDATIONS AFFECTING 
STANDARDS 


ao The committee is recommending the 


revision of 7 tentatives, the revision and 
reversion to tentative of 2 standards, the 
adoption as standards of 6 tentatives, 
the adoption as standards of 2 tentative 
revisions of standards, the revision of 1 
standard for immediate adoption, and 
the withdrawal of 3 tentatives. The 
standards and tentatives affected, to- 
gether with the revisions recommended, 
are given in detail in the Appendix.' 
The committee has considered all of 
s other tentatives, not mentioned in 
the Appendix, which are under its juris- 
diction and which have been issued for 


1 See p. 534. 


two years or longer, and recommends 
that they be continued in their present 
status until further revisions in them 
are made as contemplated. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 

Subcommittee I on Strength Properties 
(R. M. Berg, chairman).—Revisions of 
the Tentative Methods of Test for Im- 
pact Resistance of Plastics and Electrical 
Insulating Materials (D 256-47 T) have 
been completed and are presented in 
this report. Revisions of the Tentative 
Methods of Test for Tensile Properties of 
Plastics (D 638 — 52 T), for Tensile Prop- 
erties of Thin Plastic Sheets and Film 
(D882-49T),”and for Tear Resistance of 
Plastic Filmand Sheeting (D 1004 - 49 T) 
are under way. Methods of test for meas- 
uring stiffness of film and for bursting 
strength of plastic pipe are being devel- 
oped. Work on a method for measurement 
of dynamic modulus and on impact tests 
not included in Methods D 256 is in 
progress. 

Subcommittee II on Hardness (H. L. 
McChesney, chairman).—A revision of 
the Tentative Method of Test for Re- 
sistance to Abrasion (Optical Effects) of 
Transparent Plastics (D 1044-49 T) 
has been completed as submitted in 
this report. A round-robin test program 
on blocking resistance is in progress. 

Subcommittee III on Thermal Proper- 
ties (C. H. Adams, chairman).—Methods 
for measuring flammability of plastic 
films and thin sheet are being studied. A 
round-robin test program on a proposed 
method for measuring melt viscosity by 
means of a parallel plate plastometer is 
in progress, and one on a method for heat 

2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. 
% See Editorial Note, p. 533. 
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distortion of thin films is being prepared. 
A method for heat-distortion tempera- 
ture of thermosetting materials is being 
developed. Revisions of the Standard 
Methods of Test for Molding Index of 
Thermosetting Molding Powder 
(D 731-50) and for Brittleness Tem- 
perature of Elastomers (D 746-52 T) 
have been completed as submitted in 
this report. Resolution of differences 
among various kinds of commercial 
machines for measuring brittleness tem- 
perature is under study, and a method for 
brittle point of thin films is being pre- 
pared. Development of methods for 
measuring thermal conductivity and for 
measuring stress-relaxation properties is 
being considered. 

Subcommittee IV on Optical Properties 
(H. K. Hammond, III, chairman).— 
Methods for measurement of small color 
differences are being prepared as a result 
of cooperative testing programs of Sub- 
committee X on Optical Properties, of 
Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products, in which 
this subcommittee is participating. Prep- 
aration of haze standards for use with 
the Standard Method of Test for Haze 
and Luminous Transmittance of Trans- 
parent Plastics (D 1003-52) is con- 
tinuing The subcommittee is also co- 
operating with Subcommittee III of 
Committee E-12 on Appearance in 
development of methods for reflectance 
and transmittance measurements, and 
for goniophotometric measurements. 

Subcommiltiee V on Permanence Prop- 
erties (J. W. Mighton, chairman).— 
Study of improved standardization of 
carbon-arc laboratory aging apparatus is 
in progress, and revisions of the Standard 
Methods of Test for Colorfastness of 
Plastics to Light (D 620-49) and for 
Accelerated Weathering of Plastics 
(D 745-49), to provide more readily 
available apparatus, are under study. 
A revision of the Standard Method of 
Test for Water Absorption of Plastics 
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(D 570-42) has been completed and 
further revision is contemplated. A 
round-robin test program to compare 
differences in shrinkage of thermo- 
setting plastics due to different specimen 
shapes is being carried on. Development 
of a method for measuring gas trans- 
mission, and preparation of a recom- 
mended practice for outdoor exposure 
testing, is in progress. 

Subcommittee VI on Specifications 
(Lucius Gilman, chairman).—Work on 
the revision of the Tentative Specifica- 
tions for Phenolic Molding Compounds 
(D 700-52 T) to include rubber-modi- 
fied phenolics is continuing. Revisions 
of Standard Specifications for Cast 
Methacrylate Sheets, Rods, Tubes, and 
Shapes (D 702-46) and for Metha- 
crylate Molding Compounds (D 788 - 
52 T) are in progress, as well as a revision 
of the Tentative Specifications for Poly- 
styrene Molding Compounds (D 703 - 
52 T). Further revision of the Tentative 
Specifications for Vinyl Chloride 
Polymer and Copolymer Rigid Sheets 
(D 708-53 T), to include additional 
types and grades, has been initiated; 
revisions aimed toward eventual com- 
bination of the two Tentative Specifica- 
tions for Nonrigid Vinyl Chloride- 
Acetate Resin Plastics (D 742 - 46 T) 
and for Nonrigid Vinyl Chloride Plastics 
(D 744-49 T) are in progress. Among 
other specifications currently being 
revised are those for molding compounds 
of urea-formaldehyde, melamine-formal- 
dehyde, cellulose acetate, cellulose 
acetate-butyrate, ethyl cellulose, poly- 
esters, and polyethylene, and for 
laminated thermosetting materials. Spec- 
ifications for styrene-rubber thermo- 
plastic molding compounds and for 
halocarbon plastics are being developed. 

The subcommittee has now been dis- 
charged and is being reorganized into 
five new subcommittees as described 
earlier in this report, and its current ac- 
tivities will be reassigned to the appropri- 
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ate new subcommittees. The final 
meeting of this subcommittee was held 
on March 24, 1953, at Roanoke, Va. 

Subcommitiee VII on Analytical Meth- 
ods (H. E. Riley, chairman).—The 
Standard Methods of Test for Short- 
Time Stability at Elevated Temperatures 
of Plastics Containing Chlorine (D 793 - 
49) and for Ammonia in Phenol- 
Formaldehyde Molded Materials 
(D 834-49) are being considered for 
_ revision. Methods for estimating volatile 
content, determining particle size, and 
measuring plasticity and plasticizer 
absorption of vinyl resins are in prepara- 
_ tion. Work is being discontinued on de- 
velopment of a heat stability method for 
plasticizers. 

Subcommittee VIII on Research (1. L. 
_ Hopkins, chairman).—In addition to 
serving in an advisory capacity on re- 
‘nih problems, this subcommittee has 
continued to arrange for presentation of 
"papers at its meetings. At the Septem- 
ber, 1953, meeting at Atlantic City, N. J., 
the following four papers were presented : 


“The Control of Weight Uniformity in 
Glass Mat by Statistical Methods,” by G. E. 
Power of The Formica Co. 

“Prediction of Deflection and Stress Distri- 
bution in Beams of Plastics which Creep,” 

_ by W. N. Findley of the University of Illinois. 
“Measurement of Particle Size Distribution 
in Vinyl Chloride Resins,” by R. M. Berg and 
_W. G. Best of Carbide and Carbon Chemicals 
Division, Union Carbide and Carbon Corp. 
“The Potassium Permanganate Test as 
Applied to Tricresy] Phosphate,” by J. E. 
Caldwell and L. Fowler of Monsanto Chemical 
Co.’ 


At the March, 1954, meeting, three 
papers and a panel discussion were pre- 
sented, as follows: 


“Fluorescent Sunlamps in Laboratory Aging 
Tests for Plastics,” by F. W. Reinhart of the 
_ National Bureau of Standards. 

Panel Discussion on Statistics: “The Use of 


3 ASTM Buttet1n, No. 194, December, 1953, 
p. 67 (TP211). 


Confidence Limits,” by C. R. Stock of the 
American Cyanamid Co.; “Experimental De- 
sign,” by C. H. Adams of the Monsanto Chemi- 
cal Co.; and “The Use of Statistics in Interpret- 
ing Specification Limits,” by J. Mandel of the 
National Bureau of Standards. 

“Three Years Outdoor Weather Aging of 
Plastics,” by Lucius Gilman of the U. S. De- 
partment of the Army. 

“Servo Mechanisms in Testing” (with 
Equipment Demonstration), by B. L. Lewis of 
the Tinius Olsen Testing Machine Co. . 

Subcommittee IX on Molds and Mold- 
ing Processes (J. L. Williams, chairman). 
—Work on revision of the Tentative 
Recommended Practice for Transfer 
Molding of Specimens of Phenolic Mate- 
rials (D 1046 —- 49 T) has shown the need 
for design of a completely new mold, 
which is in progress. Present specified 
mold shrinkage test specimens have 
been found adequate and development 
of additional specimens has been dis- 
continued. Revision of the Tentative 
Recommended Practice for Injection 
Molding of Test Specimens of Thermo- 
plastic Materials (D 1130-50T) has 
been initiated. Development of specifica- 
tions for compression molds for making 
sheet, from which test specimens can be 
machined or die cut, is contemplated. 

Subcommittee X on Definitions, Nomen- 
clature, and Significance of Tests (C. H. 
Alexander, chairman).—Definitions for 
a number of terms have been developed 
for addition to the Tentative Definitions 
of Terms Relating to Plastics (D 883 - 
53 T). Definitions for additional terms 
are being developed. Review and revision 
of Standard Descriptive Nomenclature 
of Objects Made from Plastics 
(D 675 - 45) has been initiated. 

Subcommittee XIV on Conditioning 
(A. C. Webber, chairman).—The Stand- 
ard Method of Conditioning Plastics 
and Electrical Insulating Materials for 
Testing (D 618-53) is currently being 
revised in minor details to improve its 
usefulness and specificity. The Tenta- 
tive Specifications for Enclosures and 
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Servicing Unit for Tests Above and 
Below Room Temperature (D 1197 - 
52 T) have been revised as recommended 
in this report and further revision is con- 
templated. Work is continuing on meth- 
ods of measuring humidity in small 
enclosures. The work of this subcom- 
mittee is a joint activity with Committee 
D-9 on Electrical Insulating Materials. 


This report has been submitted to 


EpITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-20 presented to the Society 
through the Administrative Committee on Standards revisions of Tentative Methods 
of Test for Tensile Properties of Thin Plastic Sheets and Films (D 882-49 T). 

The revision was accepted by the Standards Committee on September 28, 1954, 
and the revised Methods D 882 appear in the 1954 Supplement bed Book of ASTM 


Standards, Part 6. 


letter ballot of the committee, which 
consists of 166 members; 104 members 
returned their ballots, of whom 90 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
R. K. Wirt, 
Chairman. 
G. M. ARMSTRONG, 
Secretary. 


4 


APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS ON PLASTICS 


In this Appendix are given proposed 
revisions in certain standards and tenta- 
tives on plastics which are referred to 


earlier in this report. These standards 


and tentatives appear in their present 


form in the 1952 Book of ASTM Stand- 


ards, Part 6, or in its 1953 Supplement, 
as indicated by the final number in the 


_ASTM designation. 


REVISION OF TENTATIVES 


Committee D-20, concurring with 
Committee D-9 on Electrical Insulating 


_ Materials, recommends revisions in the 
following two tentatives: 


Tentative Specifications for Phenolic 
Molding Compounds (D 700 - 52 T): 

The committee recommends that 
this tentative be revised in order to 
clarify the intended use of the deter- 
mination of free ammonia for single- 
stage compounds, to read as follows: 

Table I.—Change the last sentence 
in Footnote (a) to read as follows by 


the addition of the italicized words: 


Single-stage compounds shall have a maximum 


free ammonia content of 0.02 per cent, when 
determined on a molded test specimen in accord- 
ance with the Standard Methods of Test for 
Ammonia 


in Phenol-Formaldehyde Molded 
Materials (ASTM Designation: D 834). 


Tentative Specifications for Enclosures 
and Servicing Units for Tests Above 
and Below Room Temperature 
(D 1197-52 T): 

The committee recommends that 
this tentative be revised, to permit 
more practicable design of enclosures 


and to improve the determination of 
534 


performance characteristics, to read 
as follows: 

Table I.—Change the requirements 
for Time Constant max, sec, for Grade 
A from 50” to 200,” and for Grade 
B from “75” to “275.” 

Section 8(a), Temperature Fluctuation. 
—After third sentence, insert the fol- 
lowing: 

“A recording instrument of equal 
deflection sensitivity may also be em- 
ployed.” 

In the fourth sentence, change “10 
min” to “15 min.” 

Section 8(b), Temperature Differential. 
—Change the second sentence to read 
as follows: 


One junction shall be positioned within 2 in. 
of the locations of the specimen to be tested, 
and the second placed successively at the ap- 
proximate center of each cubic foot of available 
work space (except that for chambers containing 
less than 4 cu ft, the second junction shall be 
placed at the center of each 6-in. cube). 


Seclion 8(e), Temperature Drift.— 
Change the first sentence to read as 
follows: 


Temperature drift shall be determined by 
means of the “standard specimen” or of an 
instrument of equal or greater thermal inertia, 
except that a device of lower thermal inertia 
may be used provided that the temperature is 
taken as being the mean of the highest and 
lowest temperatures observed over a 15 min 


period 
Change the last sentence to read as 
follows: 


The temperature drift shall be the maximum 
deviation of any subsequent reading (or mean 
reading) from the original 2-hr reading. ; 
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The committee recommends revisions 
in the following five tentatives: 
Tentative Method of Test for Impact 

Resistance of Plastics and Electrical 

Insulating Materials (D 256 - 47 T): 

The committee recommends that this 
method be revised as appended hereto, 
in order to include a statement of sig- 
nificance and an additional procedure 
applicable to certain plastics materials 
having Izod impact strengths below 0.5 
ft-lb. 


Tentative Specifications for Molds for 
Test Specimens of Plastic Molding 
Materials (D 647-51 T): 

Contingent upon the withdrawal of 
the Tentative Recommended Practice 
for Transfer Molding of Specimens of 
Phenolic Materials (D 1046-47 T), as 
recommended in this report, delete the 
requirements for the mold employed 
in that recommended practice, as fol- 
lows: 

Section 6.—Delete and renumber sub- 
sequent sections accordingly. 

Figure 6.—Delete and renumber sub- 
sequent figures accordingly. 

Section 4(b).—Change reference to 
“Fig. 8” to read “Fig. 7.” 

Section 7.—Change reference to “Fig. 
7” to read “Fig. 6.” 


Tentative Method of Test for Brittle- 
ness “Temperature of Plastics and 
Elastomers by Impact (D 746 - 52 T): 
The committee recommends that this 

tentative be revised, to include a simpli- 

fied provisional procedure for acceptance 
testing, as follows: 

Section 1.—Add a new sentence to 
read as follows: “Two routine inspec- 
tion and acceptance procedures are also 
provided.” 

Section 7(g).—Change the heading 
“Routine Inspection” to read “Routine 

1The revision was accepted by the Society, 


and the method as revised appears in the 1954 
Supplement to Book of ASTM Standards, Part 6. 
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Inspection and Acceplance”; also desig- 
nate this procedure as “Method A,” 
and add a new Method B to read as 
follows: 


Method B.—This procedure is particularly 
applicable to materials having a spread of 5 C 
or less, between complete failure and complete 
non-failure. In such a case, it shall be satis- 
factory to accept materials on a basis of testing 
a minimum of five specimens at a specified 
temperature, as stated in the relevant material 
specifications. None shall fail. 


Section 9.—Designate as Paragraph 
9 (a) and add Paragraph (6) to read as 
follows: 


(6) For routine inspection and acceptance 
testing only, the following shall be reported 
in lieu of (1), (2), and (3) of Paragraph (a): 

(1) Number of specimens tested, 
(2) Temperature of test, and 
(3) Number of failures. 


Tentative Method of Test for Resist- 
ance to Abrasion (Optical Effects) of 
Transparent Plastics (D 1044-49 T): 
The committee recommends that this 

method be revised as appended hereto,! 

to improve the precision of the method. 


Tentative Definitions of Terms Relating 
to Plastics (D 883 - 53 T): 
The committee recommends that 
these tentative definitions be revised 
by the addition of the following: 


Bag Molding—A method of molding or 
laminating which involves the application of 
fluid pressure, usually by means of air, steam, 
water or vacuum, to a flexible material which 
transmits the pressure to the material being 
molded or bonded. 

Blocking, n.—An adhesion between touching 
layers of plastic such as that which may develop 
under pressure during storage or use. 

Cold Flow.—See Creep. 

Creep, n.—The time-dependent part of the 
strain which results from the application of a 
constant stress to a solid at a constant tem- 
perature. (Also referred to as Cold Flow.) 

Delamination, n.—The separation of the — 
layers of material in a laminate. a 
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Nonrigid Plastic—A plastic which has a 
stiffness or apparent modulus of elasticity of 
not over 10,000 psi at 23 C when determined 
in accordance with the Standard Method of 
Test for Stiffness in Flexure of Plastics (ASTM 
Designation: D 747). 

Rigid Plastic—A plastic which has a stiff- 
ness or apparent modulus of elasticity greater 
than 100,000 psi at 23 C when determined in 
accordance with Method D 747. 

Semirigid Plastic—A plastic which has a 
stiffness or apparent modulus of elasticity of 
between 10,000 and 100,000 psi at 23 C when 
determined in accordance with Method D 747. 


REVISION OF STANDARDS AND REVERSION 
1 TO TENTATIVE 


The committee recommends that the 
following two standards be revised and 
reverted to tentative: 


"Standard Method of Test for Measuring 
the Molding Index of Thermosetting 

Molding Powder (D 731-50): 

_ The committee recommends that this 
-method be revised as appended hereto,! 
to improve its utility for hard flow 

materials. This method will be revised 
later to include an improved proce- 
dure for soft flow materials. 


Standard Descriptive Nomenclature of 
Objects Made from Plastics 
(D 675 45): 

The committee recommends that this 
method be revised to clarify the de- 
scriptions of recommended terms and 
to bring them into agreement with the 
present usage, as follows: 

Title—Change to read: “Nomen- 
clature of Descriptive Terms Pertaining 
to Plastics.” 

Section 1(a).—In the first sentence, 
_ delete “which can be seen but.” 

Section 1(b).—Under Recommended 

Nomenclature change the following 

_ six terms to read as follows: 

Bubble.—Internal void or a trapped globule 

of air or other gas. 

_ Chalking.—Dry, chalk-like appearance or 

deposit on the surface of a plastic. (See also 

Frosting, Surface-Haze, Lubricant-Bloom.) 
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Crasing.—Fine cracks at or under the surface 
of a plastic. 

Dull Surface—Delete this term and the 
definition. 

Fish-Eye.—Small globular mass which has 
not blended completely into the surrounding 
material and is particularly evident in a trans- 
parent or translucent material. 

Heat Mark.—Extremely shallow depression or 
groove in the surface of a plastic having practi- 
cally no depth (its area being very large com- 
pared with its depth) and visible because of a 
sharply defined rim or a roughened surface. 
(See also Sink Mark.) 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following six tentatives be approved 
for reference to letter ballot of the 
Society for adoption as standard with- 
out revision: 


Tentative Specifications for: 


Primary Octyl Phthalate Ester Plasticizers 
(D 1249 - 52 T). 


Tentative Methods of Test for: 

Compressive Properties of Rigid Plastics 
(D 695 - 52 T), 

Bearing Strength of Plastics (D 953 - 48 T), 

Apparent Density and Bulk Factor of Granular 


Thermoplastic Molding Powder (D 1182- 
51T), 

Measurement of Changes in Linear Dimensions 
of Nonrigid Thermoplastic Sheeting or Film 
(D 1204-52 T), and 

Specific Viscosity of Vinyl Chloride Polymers 
(D 1243 - 52 T). 


ADOPTION AS STANDARD OF TENTATIVE 
REVISIONS OF STANDARDS 


The committee recommends that the 
tentative revisions’ of the following two 
standards be approved for reference to 
letter ballot of the Society for adoption 
as standard without revision: 

—" Revision of Standard Methods of Test 
or: 


Diffusion of Light by Plastics (D 636 - 43), and 
Luminous Reflectance, Transmittance, and 
Color of Materials (D 791-50). 


21953 Supplement to Book of ASTM Stand- 
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_ REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


Committee D-20, concurring with 
Committee D-9 on Electrical Insulating 
Materials, recommends for immediate 
adoption the revision of the standard 
as indicated below and requests the 
nine-tenths affirmative vote at the An- 
nual Meeting in order that this re- 
vision may be referred to the Society 
for letter ballot: 


Method of Conditioning Plastics and 
Electrical Insulating Materials for 
Testing (D 618 — 53): 

The committee recommends that this 
method be revised to increase the use- 
fullness and specificity of the method 
to read as follows: 

Section 4(b), Procedure B.—Delete 
the parenthetical phrase “(or other 
suitable desiccant).” 

Note 3.—Add a new sentence to read 
as follows: “Other enclosures, desiccants, 
or desiccating techniques may be used 
which produce and maintain an atmos- 
phere equivalent to that over anhydrous 
calcium chloride.” 

Note 5.—Add a new Note 5 following 
Note 4, renumbering the other notes 
accordingly: 


of 


RECOMMENDATIONS AFFECTING STANDARDS ON PLASTICS © 


ie Nore 5.—It has been found that, for certain 


ts and materials, more reliable data are 
obtained in enclosures with circulating rather 
than still air. In such cases enclosures with 
circulating air should be used. 

Section 4(f).—Add as a new Note 9 
the same note as Note 5 given above. 


WITHDRAWAL OF TENTATIVES 


The committee recommends that the 
Tentative Method of Test for Water 
Vapor Permeability of Plastic Sheets 
(D 697-42T) be discontinued. This 
method has been superseded by the 
Tentative Methods of Test for Meas- 
uring Water Vapor Transmission of 
Materials in Sheet Form (E 96 — 53 T). 

The committee recommends the with- 
drawal of the Tentative Method of Test 
for Weight Loss of Plastics on Heating 
(D 948-47 T) which has been super- 
seded by the Tentative Specifications 
for Cell-Type Oven with Controlled 
Rates of Ventilation (E 95 - 52 T). oe 

The committee also recommends the 
withdrawal of the Tentative Recom- 
mended Practice for Transfer Molding 
of Specimens of Phenolic Materials 
(D 1046-49T), since it is no longer 
used, is not generally satisfactory, and 
is not in agreement with present tech- 

niques of transfer molding. = 
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Committee D-21 on Wax Polishes and 
. Related Materials held one meeting dur- 
ing the year: at Washington, D. C., on 
February 4 and 5, 1954. In addition, 
three of the subcommittees met in Cin- 
j cinnati, Ohio, on May 26, 1954. 

Additions and changes during the year 
brought the total membership of the 
committee to 54, of whom 23 are classi- 
fied as producers, 11 as consumers, and 
20 as general interest members. There is 
one consulting member. 

The following changes in subcommit- 
tee chairmanship occurred during the 
year: C. S. Kimball replaced F. J. Poll- 
now, Jr., as chairman of Subcommittee 
IV on Performance, and Gerald De- 
Napoli replaced Donald M. King as 
chairman of Subcommittee III on Chem- 
ical and Physical Testing. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, W. W. Walton. 

Vice-Chairman, J. V. Steinle. 

Secretary, B. S. Johnson. 


£- 


New TENTATIVE 


The committee recommends the 
Method of Test for Paraffin-Type Hy- 
drocarbons in Carnauba Wax for publi- 
cation as tentative as appended hereto.! 


This recommendation has been sub- 
mitted to letter ballot of the committee, 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1The new tentative was accepted by the 
_ Society and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 4. 
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the results of which will be reported at 
the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature (J. T. 
Hohnstine, chairman) has prepared sev- 
eral definitions of terms requested by the 
other subcommittees. They will be in- 
cluded in a glossary of terms which is in 
preparation. 

Subcommittee II on Raw Materials 
(Melvin Fuld, chairman) developed the 
chromatographic method for determining 
paraffinic hydrocarbons which is recom- 
mended earlier in this report for publica- 
tion as tentative. The subcommittee has 
also published as information in the 
April, 1954, issue of the ASTM Butte- 
TIN the following methods: 

Proposed Method of Test for the Index of Re- 
fraction of Carnauba Wax, and 

Proposed Method of Test for Concentrating Ad- 
ditives in Waxes. 

This group is currently investigating 
methods for determining melting point, 
acid number, and saponification number 
of the natural waxes. 

Subcommittee III on Physical and 
Chemical Testing (Gerald DeNapoli, 
chairman) is examining methods for de- 
termining the viscosity and stability of 
water emulsion floor waxes. The problem 
of obtaining a realistic flash point on vis- 
cous solvent type waxes is also under in- 
vestigation. Existing methods produce 
low values probably because of inade- 
quate agitation of the sample. 

? The letter ballot vote on this reeommenda- 


tion was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Subcommittee IV on Performance Tests 
(C. S. Kimball, chairman).—The Section 
on Slip Resistance has completed its pre- 
liminary work on the Sigler and the 
James type of slip tester, and methods 
utilizing these machines have been pub- 
lished as information in the February, 
1954, issue of the ASTM Bu tetin. 

Work is now progressing on the de- 
velopment of a ground glass surface 
which it is hoped can be used as a second- 
ary standard for the calibration of these 
machines. The Section on Service Life is 
investigating methods of testing water 
spot resistance of floor waxes. A task 
group has also been set up to study test 
methods for abrasive wear. The Section 
on Appearance is completing its work on 
methods of application for water emul- 
sion floor waxes. Methods for measuring 
color, gloss, and film transparency are 
now being studied. 

S ubcommitlee V on Specifications (W.H. 

pecifi 


- 


On Wax POLISHES AND RELATED MATERIALS 


Joy, chairman) has prepared a list of 
specification properties of water emul- 
sion floor wax which includes discussion — 
of the significance of the various proper- 
ties. This has been circulated to the mem- 
bers of Committee D-21 for comment. 
The writing of actual specifications still 
awaits development by the other sub- 
committees of test methods for the prop- 
erties involved. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 54 voting members; 41 members _ 
returned their ballots, of whom 36 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. W. WALTON, 
Chairman. 
B. S. JOHNSON, 
Secretary. 
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Committee D-23 on Cellulose and 
Cellulose Derivatives, held one meeting 
during the year: in Chicago, Ill., on 
September 10, 1953. The Executive 
Subcommittee met in New York City 
on February 16, 1954. 

The committee is presently composed 
of 49 members, of whom 14 are classified 
as producers, 14 as consumers, and 21 as 
general interest members. 

R. M. Levy resigned as chairman of 
Subcommittee II on Cellulose, and was 
replaced by O. A. Battista. 

The election of officers for the ensuing 
term of two years will take place at a 
meeting scheduled for September, 1954, 
in New York N.Y. 


New TENTATIVE 


The committee recommends that the 
following method be accepted for 
publication as tentative as appended 
hereto:! 


Tentative Method of Test for: — 


Viscosity of Cellulose Derivatives by 
Ball-Drop Method 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 


The committee recommends that the 
Standard Methods of Testing Cellulose 


* Presented at the Fifty-seventh Annual 

Meeting of the Society, June 13-18, 1954. 

1The new tentative was accepted by the 
Society and appears in the 1954 Supplement to 
Book of ASTM Standards, Part 4. 
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Acetate (D 871 - 48)? be revised and 
reverted to tentative as appended 
hereto.’ The revision consists of changes 
in the sections on Ash, Acidity, Com- 
bined Acetic Acid and Acetyl Content, 
and Viscosity. 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee, the re- 
sults of which will be reported at the 
Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee II on Cellulose (O. A. 
Battista, chairman), in collaboration 
with the Cellulose Division of the Amer- 
ican Chemical Society, originally pre- 
pared a method for moisture in cellulose 
which is being completed.’ 

The nine other task groups are 
studying methods or conducting survey 
questionnaires at this time. Two methods 
for extractives are under consideration 
and a tentative procedure will soon be 


_ presented by this task group. The vis- 


cosity task group has completed a pre- 
liminary draft of the intrinsic viscosity 
method, and work is now under way on 
procedures for preparing and standard- 
izing solvent and for standardizing 
viscometers. 


21952 Book of ASTM Standards, Part 4. 

3 The revision was accepted by the Society 
and the method as revised appears in the 1954 
Supplement to Book of ASTM Standards, Part 
4 


4 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 

5 See Editorial Note, p. 541. 
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Subcommittee III on Organic Esters 
(L. B. Genung, chairman) prepared the 
revision of the Standards Methods of 
Testing Cellulose Acetate (D 871 - 48) 
and the new tentative method, Viscos- 
ity of Cellulose Derivates by Ball-Drop 
Method, referred to earlier in the re- 
port. The viscosity method was pre- 
pared in collaboration with Subcommit- 
tee IV. 

The next project will be to revise the 
Method of Test for Acetyl and Butyryl 
Content of Cellulose Acetate Butyrate 
(D 817 — 49) in cooperation with Com- 
mittee D-20. Test methods for moisture, 
ash, free acidity, and viscosity as 
described in the Cellulose Acetate 
Methods D 871 will be used or adapted. 

Subcommittee IV on Inorganic Esters 
(C. B. Gilbert, chairman) has under 
way experimental work regarding effect 
of the strength of ethyl acetate used in 
the solvent mixture for the viscosity 
determination. This is in connection 
with a revision of the Standard Specifica- 
tions and Tests for Soluble Nitrocellulose 
(D 301 — 50),5 formerly under the juris- 
diction of Committee D-1. 

Subcommittee V on Cellulose Ethers 
(R. S. Apple, chairman) is completing 
methods for testing methylcellulose. 


"Tentative Methods of: 


Revision and Reversion to Tentative of: 


ON CELLULOSE AND CELLULOSE DERIVATIVES S41 


EpitoriAL Note 


os Subsequent to the Annual Meeting, Committee D-23 presented to the Society 
_ through the Administrative Committee on Standards the following recommendations: 


Testing Methylcellulose (D 1347 — 54 T), and 
Test for Moisture in Cellulose (D 1348 — 54 T). 


Considerable progress has been made 
on selection of a procedure for determin- 
ing purity of sodium carboxymethyl 
cellulose (CMC); the work has narrowed 
down to one method, which is being cross 
checked by two laboratories before being 
submitted for evaluation by the other 
laboratories in the task group. Methods 
for viscosity are being reviewed. 

Subcommittee VI on Statistics (E. J. 
Delate, chairman) is available for con- 
sultation by the other subcommittees to 
set up design experiments and interpret 
data. It also plans to prepare material 
for the purpose of educating and fa- 
miliarizing the group with statistical 
tools. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 49 members; 34 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


F. A. SmmmMonps, 


W. W. BECKER, 
Secretary. 
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Standard Specifications and Tests for Soluble Nitrocellulose (D 301 — 50). 


These recommendations were accepted by the Standards Committee on November 
10, 1954, and the new and revised methods and specifications appear in the 1954 Sup- 
plement to Book of ASTM Standards, Part 4. 


Chairman. 
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Committee E-1 on Methods of Test- 
ing held three meetings during the year: 
on July 1, 1953, October 22, 1953, and 

April 6, 1954. 

During ASTM Committee Week in 
Washington, D. C., on February 1 to 5, 
1954, meetings were held of fifteen E-1 
subcommittees and task groups. Sub- 
committees 17 on Thermometers, 18 on 
_ Hydrometers, 19 on Glassware Labora- 
tory Apparatus, 21 on Metalware 
Laboratory Apparatus, and 26 on Filtra- 
tion Materials met at ASTM Head- 
quarters on November 30 and 
December 1 to 3, 1953. Also Subcommit- 
tees 17, 19, and 26 met in Washington, 
D. C., on May 17 and 18, 1954. Arrange- 
ments have been made for meetings of 
six subcommittees and eight task groups 
during the 1954 Annual Meeting of the 

Society. 

A new Subcommittee on Microscopy 
is being organized under the chairman- 
ship of F. G. Foster, of Bell Tele- 
phone Labs. Following the Symposium 
on Light Microscopy,’ sponsored by 
Committee E-1 at the 1952 Annual 
Meeting of the Society, there was con- 
siderable interest evinced in this subject 
which indicated a need for a technical 
committee to deal with the entire range 
of microscopy, including both light 
microscopy and electron microscopy. 
The personnel of this new subcommittee 
will include representatives designated 
by interested ASTM technical com- 
mittees and adviser members having 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Issued as separate publication ASTM STP 
No. 143. 
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specialized technical knowledge and 
experience in this field. A number of 
microscopic techniques for the examina- 
tion and evaluation of materials are now 
covered in various Society standards, 
Other methods are under study. As new 
materials become available they may re- 
quire new microscopic methods and 
techniques for their examination and 
evaluation. It is believed that this new 
E-1 subcommittee can be of assistance 
in the development and publication of 
such methods. It will also serve in an 
advisory capacity to other Society com- 
mittees. 

A task group has been appointed 
under the chairmanship of Robert 
Burns to survey the subject of test 
methods for thermal shock. 

Committee E-1 has under way plans 
for sponsoring four symposiums during 
the next two years on the following 
subjects: 


Symposium on Effect of Speed of Testing of 
Non-Metallic Materials, under the auspices 
of Subcommittee 2 on Effect of Speed in 
Mechanical Testing, 

Symposium on Tension Testing of Non-Metallic 
Materials, under the auspices of Subcommit- 
tee 4 on Tension Testing, 

Symposium on Impact Testing, under the 
auspices of Subcommittee 7 on Impact 
Testing, and 

Symposium on Viscosity, under the auspices 
of Subcommittee 9 on Rheological Properties. 


The election of officers resulted in the 
re-election of the following for the en- 
suing term of two years: 

Chairman, J. R. Townsend. 


Vice-Chairman, R. L. Templin. 
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RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 

Subsequent to the 1953 Annual Meet- 
ing, Committee E-1 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 
Tentative Specifications for: 
ASTM Hydrometers (E 100-53 T), and 
Tentative Revision of Standard Specifications for: 


ASTM Thermometers (E 1-53), consisting of 
the addition of specifications for two anti- 
freeze freezing point thermometers. 


=~ 


These recommendations were ac- 

cepted by the Standards Committee on 
September 9, 1953; the new Tentative 
Specifications E 100 appear in the 1953 
Supplement to Book of ASTM Stand- 
ards, Parts 3 and 5, and the tentative 
revision of Standard Specifications E 1 
appears in Parts 3, 4, and 5 of the 1953 
d Supplement. 
On February 23, 1954, the Adminis- 
t trative Committee on Standards ac- 
cepted the following recommendations 
s submitted by Committee E-1: 


Tentative Method of Test for: 

B Saybolt Furol Viscosity of Asphaltic Materials 
at High Temperatures (E 102-54 T), and 

of Tentative Revision of Standard Specifications for: 


S ASTM Thermometers (E 1-53), consisting of 
n the addition of specifications for five ASTM 
Saybolt Thermometers. 


t- The new Tentative Method E 102 ap- 
pears in the 1953 Supplement to Book of 
- ASTM Standards, Part 3, and the tenta- 
tive revision of Standard Specifications 
- E 1 appears in Parts 3, 4, and 5 of the 
S. 1953 Supplement. 


PROPOSED SPECIFICATIONS TO BE 


PUBLISHED AS INFORMATION 


l- 

The committee recommends that the 
Proposed Specifications for Apparatus 
for Determination of Water by Dis- 
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tillation be published as information 
only as appended hereto.? These specifi- 
cations cover equipment used in the 
Method of Test for Water in Petroleum 
Products and Other Bituminous Ma- 
terials (D 95 - 46). 


New TENTATIVE 
The committee recommends for pub- 
lication as tentative the Method for 
Rapid Indentation Hardness Testing of 
Metallic Materials, as appended hereto.’ 


REVISION OF TENTATIVES 


The committee recommends the fol- 
lowing revisions of three tentative 
methods and specifications: 


Teniative Methods of Tension Testing 
of Metallic Materials (E8-52T).‘— 
The following revision of these methods 
provides two tension test bars for test- 
ing powdered metals as recommended 
by Committee B-9 on Metal Powders 
and Metal Powder Products: ; 

New Section.—Add the following as a 
new Section 18, renumbering the present 
sections accordingly: 

18. Powdered Metals.—For testing powdered 
metals the test specimens shown in Fig. 19 
shall be used, unless otherwise provided in the — 
product specifications. 

Figure 19.—Add as a new Fig. 19 
the two tension test specimens for pow- 
dered metals shown in the accompany- 
ing Fig. 1, renumbering the present 
figures accordingly. 

Tentative Method of Test for Brinell 
Hardness of Metallic Materials (E10- 
50 T).*—The following revisions include 
a change in the scope to indicate that 
the method is applicable for referee tests 
where higher accuracy is needed than is 
provided in Brinell test methods used 

2 See p. 554. 

?The new tentative was accepted by the | 
Society and appears in the 1954 Supplement to | 
Book of ASTM Standards, Parts 1 and 2. 


41952 Book of ASTM Standards, Parts 1 — 
and 2. 
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primarily for production testing. Ap- 
pendix I of the method, which contains 
information on the Brinell type hard- 
ness test in which the depth of impres- 
sion is measured in place of diameter, is 
to be deleted since it is no longer neces- 
sary with the publication of the Method 
for Rapid Indentation Hardness Test- 
ing. The detailed changes are as follows: 

Section 1.—Add the following words 
at the end of this section on scope: 
“where a high degree of accuracy is re- 
quired.” 

Section 2(b).—Change the fifth sen- 
tence to read as follows by addition of 
the italicized words: “Jn general, a 
standard ball 10 mm. in diameter with 
applied loads of 3000 kg., 1500 kg., or 
500 kg. shall be used.” 

Also add the phrase “unless otherwise 
specified” at the end of the last para- 
graph of Section 2(). 

Section 3(a).—Change the third sen- 
tence to read as follows by the addition 
of the italicized words: “The design of 
the testing machine shall be such that 
no rocking or lateral movement of the 
indenter or specimen is permitted while 
the load is being applied.” 

Section 4.—In Paragraph (a), change 
the reference to Appendix II to read 
Appendix I; also add the following 
sentence: “The minimum width must 
conform with the requirements of Sec- 
tion 5 (d).” 

Transfer Paragraph (c) to appear as 
Section 5 (f); also transfer Paragraph 
(d) to appear as Section 5 (6), relettering 
the other paragraphs in Section 5 ac- 
cordingly. 

Section 5(d).—Change this section to 
read as follows: “‘(d) The distance of the 
center of the indentation from the edge 
of the specimen or edge of another in- 
dentation shall be at least two and one- 


wn half times the diameter of the indenta- 
tion.” 
Section 7.—Add the following as a 


new Paragraph (a), also rearrange and 
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reletter the present paragraphs as in- 
dicated below: 

7. (a) There are two acceptable methods of 
calibrating Brinell machines: 

(1) Separate verification of load application 
and impression measurement, and 

(2) The comparison specimen method de- __ 
scribed in Section 7 (e), (f), and (g). 

Reletter Paragraph (a) as (6), change 
(b) to (e), (c) to (g), (d) to (f), (e) to 
(c), and (f) to (d). 

Appendix I.—Omit this Appendix. 

Tentative Specifications for ASTM 
Hydrometers (E 100-53 T).5—The re- 
quirements for specific gravity hydrom- 
eters for light liquids and for heavy 
liquids as shown in the accompanying 
Table I are recommended for inclusion 
in Table I of Specifications E 100. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends that the 
Standard Definitions of Terms Relating 
to Methods of Testing (E6-36)* be 
revised and reverted to tentative as ap- 
pended hereto.® These revised definitions 
were prepared following a thorough 
study of current nomenclature and 
definitions of the principal terms used 
in methods of mechanical testing. The © 
revised definitions are based primarily — 
on practices pertaining to the testing of 
structural materials. They will be ex- 
panded to cover other materials as 
rapidly as agreement can be reached on 
suitable revisions or definitions. These — 
definitions are being published in order 


to encourage uniformity of terminology 
in product specifications. 

REVISION OF STANDARDS, 

IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 


5 1953 Supplement to Book of ASTM Stand- 
ards, Parts 3 and 5. 

6 The revised definitions were accepted by the _ 
Society and appear in the 1954 Supplement to * 
Book of ASTM Standards, Parts 1, 2, 3, 4, 6, and 
7. 


« 


of two standards and accordingly re- 
quests the necessary nine-tenths affirma- 
tive vote at the Annual Meeting in 
order that these recommendations may 
be referred to letter ballot of the Society: 
Standard Specifications for ASTM 
Thermomelers (E1-53).5—Revise this 
standard as follows: 
Section 6(a).—Change the third sen- 
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Table I.—Change the various ther- 
mometer specifications in this table as 
follows: 

Revise the ASTM Open Flash Ther- 
mometer 11 C to require graduations 
numbered at each multiple of 20 C 
rather than at every 10 C. 

Revise Kinematic Viscosity Ther- 
mometers 28F to 30F, 44F to 48F, and 


TABLE I.—SPECIFICATIONS FOR ASTM HYDROMETERS. 


Specific Gravity Hydrometers Specific Gravity Hydrometers 
Light Liquids Heavy Liquids 
Nominal Specific Nominal Specific Nominal Specific 
Designation Range, Designation Gravit Designation Range, 
eg 
PS 0.645 to 0.705 98H...... 0.945 to 1.005 111H....} 1.000 to 1.055 
0.695 to 0.755 1.045 to 1.105 
0.745 to 0.805 113H....| 1.095 to 1.555 
0.795 to 0.855 114H....| 1.145 to 1.205 
ae 0.845 to 0.905 115H....| 1.195 to 1.255 
0.895 to 0.955 116H....]| 1.245 to 1.305 
ee 0.945 to 1.005 117H....] 1.295 to 1.355 
ea 0.995 to 1.055 118H....| 1.345 to 1.405 
1.045 to 1.105 119H....] 1.395 to 1.455 
120H.. 1.445 to 1.505 
Liquids for which Hydrometers | Other Li Ide ot Sailer 
(33 dynes per cm or less) 
Standard Temperature...... 60/60F 60/60F 60/60F 
0.0005 0.0005 0.0005 
Intermediate Lines at...... 0.001 0.001 0.001 
Main (numbered) Lines at. 0.005 0.005 0.005 
Scale Error at any Point 
not to Exceed........... 0.0005 0.0005 0.0005 
.. 3 eer 300 to 335 mm 300 to 335 mm 300 to 335 mm 
Length of Scale............ 125 to 145 mm 125 to 145 mm 125 to 145 mm 
Body Diameter............ 18 to 25 mm 18 to 25 mm 18 to 25 mm 
Stem Diameter............ 4.0 mm, min 4.0mm, min 4.0 mm, min 


* For specific gravities less than 0.950, alcoholic solutions may be tested with hydrometers 84H 


to 87H 


tence to read as follows by the omission 
of words in brackets: “On Partial Im- 
mersion Thermometers, an immersion 
line [of approximately the same length 
as the longest graduation line] shall be 
etched on the front of the thermometer 
at the distance above the bottom of the 
bulb as specified in Table I within a 
toleranceof +0.5mm.” 


72F to 74F, inclusive, to change the 
bulb diameter from “not less than 6.0 
mm. and not greater than stem”’ to read 
“6.0 to 7.0 mm”; also change the stem 
diameter from “6.5 to 7.5 mm.” to read 
“6.5 to 8.0.” 

Table II.—Add the following average 
stem temperatures for Engler Viscosity 
Thermometers 23C to 25C, as furnished 
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by the National Bureau of Standards: 


Standardization 
Temperature 


Average Temperature of 
Emergent Mercury Column 


18 to 28 C. THERMOMETER 23 C. 


39 to 54 C. THERMOMETER 24 C. 

95 To 105 C. THERMOMETER 25 C. 

75C 


™ 


Standard Methods of Test for Rockwell 


Hardness and Rockwell Superficial Hard- 
ness of Metallic Materials (E18-42)‘— _ 


The revisions in these methods comprise 
changes in the requirements for major 
load application and the inclusion of an 
Appendix consisting of two tables con- 
taining data for corrections for Rockwell 
Diamond Penetrator Hardness Test on 
Cylindrical Specimens. The changes are 


as follows: 


Section 4(f).—Change the description 
of the major load application for the 
Rockwell hardness test to read as 


follows: 


TABLE II.—CORRECTIONS TO BE ADDED TO ROCKWELL C, A, AND D VALUES 


OBTAINED ON CYLINDRICAL SPECIMENS OF VARIOUS DIAMETERS. 


Dial Reading 


in. 


in 


| yin. 


5¢in. | 34 in. 


7 in. 


1 in. 


in. 


4 


rrr 


TABLE III.—CORRECTIONS TO BE ADDED TO ROCKWELL 15 N, 30 N, AND 45 N 
VALUES OBTAINED ON CYLINDRICAL SPECIMENS OF VARIOUS DIAMETERS. 


Dial Reading 46 in. % in. 36 in. ¥ in. %4 in. 1 in. 
eee 6.0 3.0 2.0 1.5 1.5 1.5 
bcoeaete 5.5 3.0 2.0 1.5 1.5 1.0 
eer 5.5 3.0 2.0 1.5 1.0 1.0 
paewaas 5.0 2.5 2.0 1.5 1.0 1.0 
Eaveann 4.5 2.5 1.5 1.5 1.0 1.0 
paar 4.0 2.0 1.5 1.0 1.0 1.0 
Dia leanitans 3.5 2.0 1.5 1.0 1.0 0.5 
pavasmes 3.5 2.0 1.5 1.0 0.5 0.5 
3.0 1.5 1.0 1.0 0.5 0.5 
Raqheun wal 2.5 1.5 1.0 0.5 0.5 0.5 
biccuene 2.0 1.0 1.0 0.5 0.5 0.5 
en 1.5 1.0 0.5 0.5 0.5 0 
weer 1.0 0.5 0.5 0.5 0 0 

0.5 0.5 0.5 0.5 0 0 
0 0 0 0 0 0 
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(f) Apply the major load by tripping the op- 
erating lever without shock. Remove the major 
load by bringing the operating lever back to its 
latched position within 2 sec after its motion 
has stopped. Alternate methods of applying the 
major load may be used as follows: 

(1) In the case of materials which do not 
exhibit plastic flow after application of the 
major load, the pointer will come to rest before 
the motion of the operating lever stops, and in 
this case the operating lever may be brought 
back to its latched position immediately after 


_ the pointer stops to reduce possible errors due 
to externally caused vibration. 


(2) In the case of materials which exhibit 
plastic flow after application of the major load, 
the pointer will continue to move after the 
operating lever stops, and in this case the 
operating lever may be brought back to its 
latched position at a specified elapsed time 
between tripping and removal of load (Note). 
In this case the specified elapsed time shall be 
recorded with the Rockwell number. 

Note.—The specified time should be stated 


_ in the product specifications. 


Section 7(g).—Omit this paragraph 


_ which reads as follows: 


(g) The time of application of the major 


load shall be established and accurately adhered 


to when comparing results. As a general rule, 
an interval of full application of the major load 


_ of not more than 1 sec. is best. For soft metals 


the penetration will “creep,” causing variations 
as high as ten hardness numbers. With such 
metals the operating lever should be brought 
back the moment it is seen that the major load 
is fully applied. 


Section 10(f).—Change the descrip- 
tion of the major load application for 
the Rockwell superficial hardness test to 
read the same as given for Section 4 
(f) above. 

Appendix.—Include in an Appendix 
the accompanying Tables II and III. 


TENTATIVES CONTINUED AS 
TENTATIVE 


The committee recommends that the 
remaining tentatives under its jurisdic- 
tion be continued in their present status 
as consideration is now being given to 
further revisions. 

The recommendations appearing in 
this report 


have been submitted to 
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letter ballot of the committee, the re- 
sults of which will be reported at the 
Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 
AND TASK GROUPS 


Subcommittee 1 on Calibration of 
Mechanical Testing Machines and Ap- 
paratus (B. L. Wilson, chairman).— 
Revisions of the Tentative Methods of 
Verification of Testing Machines (E 4 - 
50 T), Verification of Calibration De- 
vices for Verifying Testing Machines 
(E74-50T), and Verification and 
Classification of Extensometers (E 83 - 
52 T) are being completed. One of the 
changes covers the use of balances for 
the calibration of hardness testing 
machines to be added to Methods E 4 
and E 74. 

Subcommittee 2 on Effect of Speed in 
Mechanical Testing (P. G. McVetty, 
chairman).—Plans are being completed 
for the Symposium on Effect of Speed of 
Testing of Non-Metallic Materials to be 
held at the 1955 Annual Meeting of the 
Society. Arrangements for the sympo- 
sium are being made by a committee 
under the chairmanship of F. G. Tat- 
nall. This symposium will bring up to 
date information relating to speed effects 
on the testing of a wide variety of ma- 
terials that has been obtained since the 
previous symposium on this subject 
sponsored by Committee E-1 in 1948.8 

Subcommittee 3 on Elastic Strength of 
Materials (F. M. Howell, chairman): 

Task Group on Elastic Constants 
(Walter Ramberg, chairman) prepared 
the first draft of a proposed tentative 
method for determination of Young’s 
modulus at room temperature. This 
draft is now being revised, based on 
comments received from the committee 


7 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 

8Symposium on Speed of Testing, Proceed- 
ings, Am. Soc. Testing Mats., Vol. 48, p. 1129 


(1948). 
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at a meeting held in Washington in Feb- 
ruary. 

Task Group on Correlation of Defini- 
tions Relating to Methods of Testing (P. 
G. McVetty, chairman) completed a 
very extensive study of the Standard 
Definitions of Terms Relating to 
Methods of Mechanical Testing (E 6 - 
36). The revised definitions appended 
hereto® are accordingly recommended for 
publication as tentative to replace those 
of the present Standard E 6 - 36. 

Subcommittee 4 on Tension Testing (R. 
L. Templin, chairman).—Under the 
auspices of this subcommittee, a Sym- 
posium on Tension Testing of Non- 
Metallic Materials is being developed 
for the 1956 ASTM Annual Meeting, 
the arrangements for which are being 
made by a committee under the chair- 
manship of A. C. Webber. This sym- 
posium will comprise about ten papers 
covering current techniques and prac- 
tices now being followed in industry in 
the tension testing of non-metals and 
should serve as a basis for the develop- 
ment of general methods for determining 
the tensile properties of such materials. 

Revisions in the Tentative Methods of 
Tension Testing of Metallic Materials 
(E8-52T) presented earlier in this 
report were prepared in cooperation 
with Committee B-9 on Metal Powders 
and Metal Powder Products. The scope 
of the task group under the chairman- 
ship of H. L. Fry, appointed to consider 
the definitions in Methods E 8 and their 
relationship to the corresponding defini- 
tions in E 6, has been expanded to in- 
clude the review of the tension test 
methods in the Tentative Methods and 
Definitions for the Mechanical Testing 
of Steel Products (A 370 - 53 T). 

The Task Group on Bursting Test (R. 
L. Heyer, chairman) has submitted a 
final report which indicates that 
methods have been found for making 
other tests, such as a tension test with 
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measurement of elastic properties, on 
the very thin sheet metals for which the 
bursting test had been considered. The 
task group accordingly believes that 
due to lessening interest in the bursting 
test for these materials no further work 
should be undertaken. 

Subcommittee 6 on Indentation Hard- 
ness (R. H. Heyer, chairman).—The 
new proposed Tentative Method of — 
Rapid Indentation Hardness Testing of 
Metallic Materials? was prepared by 
this subcommittee. The revisions of the 
Brinell Hardness Test Method E 10 
and the Rockwell Hardness Test 
Method E 18 were recommended by — 
this subcommittee. 

Revision of the Tentative Method for 
Diamond Pyramid Hardness of Metallic 
Materials (E 92-52 T) to change the 
time of loading from “at least 15 sec.” to 
“a specified period of time” is under — 
consideration. 

A task group has in preparation a new — 
method of test for portable indentation 
hardness testers which will include 
types of testers that use standard loads 
and indentors. 

Subcommittee 7 on Impact Testing (W. 
W. Werring, chairman).—This sub- 
committee still has under consideration 
revisions in the Tentative Methods of 
Impact Testing of Metallic Materials 
(E 23 - 47 T). . 

A Symposium on Impact Testing is 
planned for the 1955 Annual Meeting of | 
the Society, arrangements for which are _ 
being made by a special committee 
under the chairmanship of F. G. Tat- 
nall. It is expected that the symposium 
will comprise about ten papers, about 
one half of which will deal with the 
effect and evaluation of full scale im- 
pact testing of structures, while the 
others will cover various types of impact 
tests, including correlation with full- 
scale testing and a general discussion of — 
the philosophy of impact testing. 
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Subcommittee 8 on Flexure Testing (H. 
F. Clemmer, chairman).—This com- 
mittee has prepared a further draft of a 
proposed Standard Method for Making 
Three-Edge Bearing Test of Pipe which 
is now under study. The method covers 
procedures for tests of circular pipe and 
drain pipe of concrete or clay, and cast- 
iron culvert pipe. 

This subcommittee reviewed a pro- 
posed Method of Test for Determination 
of Modulus of Rupture of Fired Dry 
Pressed Whiteware Specimens at Nor- 
mal Temperature, prepared by Com- 
mittee C-21 on Ceramic Whiteware. A 
number of comments and suggestions 
were submitted for consideration by 
Committee C-21. 

Subcommittee 9 on Rheological Proper- 
ties (W. F. Fair, Jr., chairman).—An 
American Group to handle the secre- 
tariat of Technical Committee 66 on 
Viscosity of the International Standards 
Organization held an organization meet- 
ing on February 3 in Washington. The 
personnel of this group is identical with 
that of the E-1 Task Group on Methods 
and Apparatus for Absolute Viscosity 
Measurements. A program of work for 
this ISO committee was formulated. 
Copies of the Report on Principles In- 
volved in the Determination of Absolute 
Viscosity prepared by this task group 
will be sent to members of the ISO 
committee. Other matters to be sub- 
mitted for consideration are the new 
value for the viscosity of water and 
information on the viscosity oil stand- 
ards of the American Petroleum In- 
stitute and the National Bureau of 
Standards. 

A Symposium on Viscosity is being 
planned for the 1956 Annual Meeting. 
Arrangements for the symposium are 
being made by a special committee 
under the chairmanship of W. H. Mark- 
wood, Jr. This symposium will be 
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sponsored jointly with the Society of 
Rheology and will comprise about ten 
technical papers. 

The Task Group on Softening Point, 
under the chairmanship of W. A. Kirk- 
lin, which comprises representatives 
from eight ASTM technical committees, 
is still endeavoring to reconcile the dif- 
ferences between the Ring-and-Ball 
Softening Point Methods D 36 - 26 and 
E28-51T. Recommendations from 
Subcommittee 21 covering improve- 
ments in the drawings of the metalware 
apparatus used in Method E 28 are 
being considered for incorporation in the 
method. 

The Task Group on Saybolt Furol 
Viscosity of Asphaltic Materials at High 
Temperatures, under the chairmanship 
of R. R. Thurston, is giving considera- 
tion to several criticisms of Methods 
E 102. 

Subcommitiee 10 on Sieves.—L. V. Jud- 
son, of the National Bureau of Standards, 
was appointed as chairman of this sub- 
committee following the death of the 
former chairman, A. A. Klein. 

A proposed Method of Test for Wet 
Sieve Analysis of Whiteware Clays, pre- 
pared by Committee C-21, was reviewed 
and a number of comments and sugges- 
tions were submitted for consideration. 

Subcommittee 11 on Subsieve Testing 
(L. T. Work, chairman).—The prin- 
cipal activity of this subcommittee has 
been carried on by the Task Group on 
Subsieve Testing by the Optical 
Microscope under the chairmanship of 
R. P. Loveland. This task group is con- 
sidering revisions of the Tentative 
Recommended Practice for Analysis by 
Microscopical Methods for Particle Size 
Distribution of Particulate Substances 
of Subsieve Sizes (E 20 - 51 T) involving 
the following three subjects: (1) prepara- 
tion of samples, (2) the count method 
(usually dark field) for examination of 
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particle size, and (3) the expression of 
particle size. This group is also cooperat- 
ing with a task group of Committee D-1 
on Paint Maierials in preparation of a 
proposed Recommended Practice for Ex- 
pression of Particle Size considered pri- 
marily from the standpoint of pigments. 

Subcommitlee 12 on Methods for 
Density—C. T. Collett, of the Na- 
tional Bureau of Standards, has been 
appointed chairman of this subcom- 
mittee following resignation of Wilmer 
Souder, resulting from his retirement. 
Mr. Collett has been closely associated 
with Dr. Souder whose experience, 
energy, and knowledge of this field had 
been of great value to the subcommittee. 
Review of the various ASTM methods 
of test for density is being continued by 
the task group under J. J. Moran, 
chairman. 

A proposed Method of Test for True 
Specific Gravity of Fired Whiteware 
Materials, prepared by Committee C-21, 
was reviewed and a number of com- 
ments and suggestions submitted for 
consideration. 

Subcommittee 15 on Correlation of 
Chemical Analyses (J. W. Stillman, 
chairman).—The final draft of Pro- 
posed Recommendations on Form of 
ASTM Methods for Chemical Analysis 
is now out to letter ballot vote of the 
subcommittee. 

Subcommittee 16 on Thickness Meas- 
urement.—Sanford B. Newman of the 
National Bureau of Standards has been 
appointed chairman of this subcommit- 
tee. The present program of work is 
being handled by two task groups as 
follows: (1) on Dimensional Measure- 
ments of Electronic Tube Components 
(C. W. Harman, chairman) and (2) 
on Calibration of Spindle Pressure of 
Machinists Micrometer (E. G. Ham, 
chairman). 

Subcommitiee 17 on Thermometers 
(R. M. Wilhelm, chairman).—Further 
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revisions of the Specifications for Ther- 
mometers E 1 will be submitted to the 
Society during the summer based on 
actions taken by the subcommittee at 
its meeting in Washington on May 17. 


Requests received from several technical 


committees for thermometer specifica- 
tions not presently available are — 
study. These include a thermometer for 
weathering test of butadiene, and a 
thermometer for the flash point test of 

vegetable oils with the Pensky-Martens 

Tester. A set of thermometers for solidi- 
fication points of various organic chemi- 
cals such as benzol, naphthalene, and 

phenol has been requested by Com- 

mittee D-16. Standardization of ther- 

mometers now used in engine test 

methods for rating fuels has been re- 

quested by Committee D-2. 

In 1947 an effort was made to de- 
velop more complete specifications than 
those appearing in the Standard Method 
of Test for Distillation of Industrial 
Aromatic Hydrocarbons (D 850 - 50) for 
the so-called “Barrett” distillation ther- 
mometers, but since it was thought that 
these thermometers would become ob- 
solete and would be replaced by the 
ASTM Solvents Distillation Thermom- 
eters the subject was tabled. It now 
appears that the “Barrett” thermom- 
eters are still being used; the question 
of specification, therefore, has been re- 
opened and a task group assigned to pre- 
pare specifications. 

Another subject which has been under 
consideration for several years is the 
coordination of the thermometer speci- 
fications published by the ASTM and 
the Institute of Petroleum (London). 
Some progress has been made by the 
task group in bringing about a better 
understanding of the difficulties which 
must be surmounted before any changes 
will be accepted by either of the national 
organizations to bring one into agree- 


ment with the other. 
| 


f 
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A study is to be made of thermometric 
glasses by a special task group. 
Subcommittee 18 on Hydrometers (R. 
D. Thompson, chairman).—In response 
to a request from Committee D-2 on 
Petroleum Products and Lubricants, 
specifications were prepared for a series 
of specific gravity hydrometers as 
counterparts of the API gravity series 
1H to 10H. It is anticipated that these 
instruments will find their principal use 
on petroleum products destined for ex- 
port or for use in foreign countries. 
Specifications have also been prepared 
for a hydrometer for alcohol testing and 
for a series of specific gravity instru- 
ments for heavy liquids which will be 
used for various purposes, the most 
noteworthy being the testing of engine 
antifreezes. These requirements for 
hydrometers are being recommended for 
inclusion in the Tentative Specifications 
for ASTM Hydrometers (E 100 - 53 T). 
The major project ahead of the sub- 
committee is the preparation of methods 
of testing hydrometers, and with com- 
pletion of the specifications it is to be 
anticipated that significant progress 
will be made during the coming year. 
Subcommittee 19 on Glassware Labora- 
tory Apparatus (J. J. Moran, chairman). 
—In response to a request from Com- 
mittee D-2, Subcommittees 19 and 21 
cooperated in the preparation of Pro- 
posed Specifications for Engler Distilla- 
tion Equipment (to be used in Method 
D 86) and for Apparatus for Deter- 
mination of Water Content of Bitu- 
_ minous Materials® (to be used in Method 
D 95). Both specifications have been 
approved by Subcommittee 19 and have 
been submitted to Committee D-2 for 
further consideration. When the final 
drafts have been agreed upon, they will 
first be offered for publication as tenta- 
tive. 
At the request of Committee D-2, a 
—~ 
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subgroup is preparing specifications for 
the burets used to measure reference 
fuels used in knock testing procedures. 

Subcommittees 19 and 21 are cooper- 
ating also in the preparation of general 
requirements for drawings of metalware 
and glassware apparatus. 

Subcommittee 21 on Metalware Labora- 
tory Apparatus (E. L. Ruh, chairman).— 
Agreement was reached on details for 
drawings covering the softening point 
apparatus to be used in Method E 28 - 
St 

The draft prepared by Committee 
E-3 on Chemical Analyses of Metals on 
Performance Specifications for Ana- 
lytical Balances was reviewed and will 
be studied further during the year. 

The Task Group on Laberatory Ovens, 
under the chairmanship of R. D. Stiehler, 
is preparing performance requirements 
for circulating air ovens. 

A new Task Group on Safely Re- 
quirements for Using Oxygen and Per- 
oxide Bombs has been appointed un- 
der the chairmanship of M. R. Hoppe. 
The first meeting of this group will be 
held in Chicago at the Annual Meeting. 
t Subcommittee 22 on Hydrogen Ion 
Determination (E. B. Ashcraft, chair- 
man).—The second draft of a proposed 
Tentative Method for the Colorimetric 
Determination of the pH of Aqueous 
Solutions is under study. 

Subcommittee 24 on Cupping Tests (E. 
F. Lundeen, chairman).—The entire 
problem of cupping tests was reviewed 
at length at a meeting of a subgroup 
held in Pittsburgh in November, 1953. 
In order to determine the extent of 
interest in cupping tests, a questionnaire 
has been prepared and circulated to 
interested individuals and companies in 
the ferrous and non-ferrous metals 
fields to determine the following: (1) the 
interest in the test, (2) if the interest is 
for control purposes, and (3) if there is 
any interest in the use of this test for 
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specification purposes. The replies re- 
ceived to these questions will serve as a 
basis for a program of work for the sub- 
committee. 

Subcommitiee 26 on Filtration Ma- 
terials (T. L. King, chairman).—Sub- 
stantial agreement has been reached on 
the content of Proposed Tentative 
Specifications and Test Methods for 
Porous Filtering Bodies, and a final 
draft is under study. 

Subcommitiee 27 on Low-Temperature 
Testing of Elastomers and Plastics (R. S. 
Havenhill, chairman): 

Section on Correlation of Test Methods 
(F. M. Gavan, chairman) held three 
meetings during the past year. A con- 
densed report of the results of the 
round-robin low-temperature stiffness 
tests has been prepared by F. S. Conant.’° 
This report compares the performance of 
various low-temperature stiffness in- 
struments for modulus measurement, 
such as Scott, Instron, Tate-Emery, 
Olsen, Simple Beam, Compression, 
Navy (Corrected), Gehman, Clash- 
Berg, and Taber. The report also illus- 
trates how the property of modulus 
changes for various rubber and plastic 
compounds over a range of temperatures 
from room temperature to —80 F. 

B. G. Labbe has prepared and sub- 
mitted for ASTM Bu publica- 
tion a summary of the results of the 
hardness testing round-robin." This re- 
port compares the performance of 
various low-temperature hardness - in- 
struments, such as Shore, Rex, ASTM, 
P&J, and the Materials Lab Indentom- 
eter. The report also illustrates how 
the property of hardness changes for 
various rubber and plastic compounds 
over a range of temperatures from room 
temperature to —80 F. 

1 F. S. Conant, “A Study of Stiffness Test- 
ing of Elastomers at Low Temperatures,” 
: ASTM Buttetin, No. 199, July, 1954, p. 67 
(TP145). 
1B. G. Labbe, “A Study of Hardness Test- 


ing of Elastomers at Low Temperatures,” ibid., 
p. 73 (TP151). 


Report oF Cowmirrer E-1 


A. C. Webber has prepared a report — 
and made recommendations for the 
future round-robin on brittleness tests. _ 

C. K. Chatten and W. E. Scoville 
are preparing and analyzing the var- 
ious methods for obtaining rheological 
properties of rubber and plastics at 
low temperatures. 

When this work is fully completed, 
definite recommendations will be made 
as to the tests that are best suited for 
the determination of low-temperature 
behavior of rubber and plastics. 

Task Group F on Bend Testing (W. 
H. Mayo, chairman).—At the organiza- 
tion meeting of this new task group, the 
chairman presented an extensive review 
of the various types of bend tests now 
specified in ASTM standards. This 
summary showed that there are 151 
bend tests now specified of which 137 
are for testing metals while 14 are for — 
non-metallic materials. 

The committee decided to undertake 
work on: (1) correlation of bend tests 
now published and consideration of 
possible further improvement and stand- 
ardization, (2) investigation of present 
bend test methods for possible new 
applications, and (3) development of 
new bend test methods where needed. 7 
In connection with this program, the 
subcommittee decided to proceed im- 
mediately with the preparation of a set 
of definitions covering the various types 
of bend tests now in use, such as the 
free bend, controlled bend, guided 
bend, bending around a pin, etc. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 39 voting members; 39 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


J. R. TowNsEnp, 


Chairman. 


P. J. Smiru, 
Secretary. 
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PROPOSED SPECIFICATIONS FOR APPARATUS FOR DETERMINATION 


Scope 

1. These specifications cover equip- 
ment used in Standard Method of Test 
for Water in Petroleum Products and 
other Bituminous Materials (ASTM 
Designation: D 95).2 


Apparatus Assembly 

2. (a) Typical assemblies! of the ap- 
paratus are shown in Figs. 1 and 2. The 
glass flask has been generally used for 
petroleum products and the metal still 
for road materials and tars. 

(6) Figure 1 shows a Liebig condenser; 
Fig. 2 a West-type condenser. Either 
type may be used in any assembly. 


Flask 
3, The glass flask shall have a nom- 


inal capacity of 500 ml, be made of 
heat-resistant glass, and conform to the 
dimensional requirements and tolerances 


specified in Fig. 3. 


Metal Still 

4. The metal still shall have an ap- 
proximate capacity of 1000 ml. It may 
be constructed of any suitable metal; 
but copper is recommended for the 


1These proposed specifications are under 
the jurisdiction of ASTM Committee E-1 on 
Methods of Testing. 

2 Published as information, June, 1954. 

31952 Book of ASTM Standards, Part 5. 

* Specifications for all glass apparatus with 


_ ball-and-socket joints are also being prepared 


by the committee. 
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These are proposed specifications and are published as information 
only. Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


vessel, and copper or brass for the lid. 
Figure 4 shows the essential dimensions 
and a satisfactory construction of the 
vessel head and clamp. Other means of 
closure may be used which provide a 
tight seal of head to body. 


Heater 

5. Any suitable gas burner or electric 
heater may be used with the glass still. 
With the metal still, a ring gas burner 
4 in. in inside diameter and having burner 
ports on its inner periphery should be 
used. 


Condenser 


6. The condenser shall be a Liebig 
or West straight type with a jacket not 
less than 400 mm long. Figure 5 shows 
the general construction of suitable 
condensers. 


Traps 

7. The traps shall be of 10 and 25 ml 
capacities as shown in Figs. 6 and 7, 
with the following subdivisions and 
scale error tolerances: 


M 
Size of Seale = 
Tra ‘ Range, ml 

ml 

a 0 to 1.0 0.1 | 0.05 
Over 1.0t0 10.0 | 0.2 | 0.1 

= { 0 to 1.0 0.1 | 0.05 
Over 1.0 to 25.0 | 0.2 | 0.1 
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Fic. 1.—Apparatus Assembly with Glass Flask. Fic. 2.—Apparatus Assembly with Metal Still. 


All Dimensions are 
in Millimeters 


Fic. 3.—Glass Flask, 500 ml. 


| | 
\Trop- C= 
| (EES) | 
Flask Still 
— 


O-Rings 
Two Required 
"0.0. x 


ast Brass Yoke 


Cost Bross 
Cover 


Asbestos 
Gosket 


Solder 


12"to 14" Stubs Gage 
Copper Body 


Note.—The O-rings shall be 1 in. oumite depo y and 3 in. inside diameter. O-rings that have been found satisfac- 
tory are available from the Minnesota Rubber and Gasket Co., designated as No. 6627-15, compound 245A, having a 
durometer hardness of 70 +5 on the Shore A scale. 


Fic. 4.—Metal Still, Approximately 100 ml. 


323 dia 
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Liebig Condenser 7 West Condensers 


Note.—Ends of connections to water supply and drain may vary in design. Connection may be on same or op- — 
posite sides of jacket. 


Fic. 5.—Condensers. 


: = 
3 Ve Al | 
lll 
-@* 
= 
~ 
= 


29 0.D. 


Outside Rad 


All Dimensions are in Millimeters 
Fic. 6.—Trap, 10 ml. 


29 0.D. (Approx) 


25°05 
Outside Rad Outside Rad 


Firepolished 
All Dimensions are in Millimeters All Dimensions are in Millimeters 


Fic. 7.—Trap, 25 ml. 
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Committee E-2 on Emission Spec- 
troscopy held two meetings during the 
year: the first in Atlantic City, N. J., 
on June 30, 1953, and the second in 
Pittsburgh, Pa., on March 4, 1954. 
Meetings of the Advisory Committee 
were held in Atlantic City on June 28, 
1953; in Rochester, N. Y., on October 
17, 1953; and in Pittsburgh, Pa., on 
March 4, 1954. 

The committee sponsored a sym- 
posium on Fluorescent X-ray Spectro- 
graphic Analysis on June 29, 1953, at the 
Annual Meeting of the Society in At- 
lantic City. The symposium is now avail- 
able as ASTM publication STP No. 157. 

The committee now consists of 122 
members, which represents an increase of 
two members since the last annual 
report. 

The election of officers for the ensuing 
term of two years resulted in the 
selection of the following: 

Chairman, J. Raynor Churchill. 
Vice-Chairman, E. B. Ashcraft. 
Secretary, Cyrus Feldman. 


PUBLICATIONS 


In the past year four publications 
sponsored by the committee have 
appeared in print as follows: (1) Sym- 
posium on Chemical Analysis of In- 
organic Solids by Means of the Mass 
Spectrometer, Special Technical Publica- 
tion No. 149, June, 1953; (2) Methods 
for Emission Spectrochemical Analysis, 
October, 1953; (3) Index to the Litera- 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
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Ai; 
ture on Spectrochemical Analysis, Part — 

III, 1946-1950, by B. F. Scribner and 

W. F. Meggers, Special Technical Publi- 

cation No. 41-C, January, 1954; and 

(4) Symposium on Fluorescent X-ray 
Spectrographic Analysis, Special Techni- 

cal Publication No. 157, February, 1954. 7 

The book on methods is the culmina- 
tion of work begun seven years ago to — 
prepare and publish important spectro= 
chemical methods in standardized form, 
The book includes 55 methods or) 
practices covering the spectrochemical _ 
analysis of most of the commercial 
metals and alloys, and certain non- — 
metallic materials such as slags, ceramics, 
and caustic liquors. Four of the methods 
are tentative and the remainder are in 
suggested form; work is under way to 
advance many of the latter to tentative 
status. 

The two symposia present authorita- 
tive papers on two important new fields 
of instrumental analysis. 

The Index to the Literature by 
Scribner and Meggers is an extension of 
two earlier bibliographies issued by the 
ASTM. This series of bibliographies now 
covers the literature on emission spectro- 
chemical analysis from 1920 through 
1950. These four publications, which 
were sponsored by the committee and 
published by ASTM, represent a sub- 
stantial contribution to the field of 
instrumental analysis and are a tribute 
to the efforts of the committee members. 
In addition to the many authors and 
reviewers in the committee who provided 
the material for the publications, 
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special recognition should be made of the Suggested Method SM 6-9 with d 
the work of C. L. Guettel and K. O. similar title which appears in the book i 
Stevenson who contributed much of the on Methods for Emission Spectro- 2 
editing of the book of methods, E. B. chemical Analysis. b 
Ashcraft who arranged for the symposia I 
and edited the two symposia publica- REVISION OF TENTATIVE ¢ 
the ASTM A proposed revision of the Tentative 
alu cooperation in bringing \fethod for the Spectrochemical Analysis 
the material into print. of Tin Alloys for Minor Constituents . 
-RecoMMENDATIONS AccEPTeD By THE nd Impurities (E51-43T) has also I 
ADMINISTRATIVE COMMITTEE been prepared for action by the Ad- t 
on STANDARDS ministrative Committee on Standards. 
Meeting, Committee E-2 presented to sy 6.4 which appears in the book on ; 
_ the Society through the Administrative Methods for Emission Spectrochemical 
Committee on Standards the following Analysis. é 
recommendations: ( 
“Tentative Method of: ACTIVITIES OF SUBCOMMITTEES 
The subcommittees of Committee E-2 
Plane Spark Technique (E 101 — 53 T). were active during the year on stand- 1 
ardization of fundamental procedures ‘ 


Revision of Tentative Method of: 


purities (E 27 - 43 T), with a change in title 
to read “Tentative Method for Spectrochemi- 


Withdrawal of Tentative Method of: 


4 Spectrochemical Analysis of Zinc for Lead, Iron, 
and Cadmium (E 26 - 43 T). 


tember 9, 1953, and the new and revised _ preparation. 
“tentative methods appear in the com- Subcommittee 


Spectrochemical Analysis. 
New TENTATIVE 


and analytical methods. The organiza- 
7 - Spectrochemical Analysis of Zinc-Alloy Die tion of the subcommittees 
- Castings for Minor Constituents and Im- ynchanged from that of the last report 
except for a few changes in assignments 
cal Analysis of Zinc-Base Alloys and High Of members. The principal activities of 
Grade Zinc by the Solution—D-C Arc Tech- the subcommittees were as follows: 
nique.” Subcommittee I on Apparatus and 
Equipment (R. G. Russell, chairman).— 
A new draft was prepared on Description 
and Specification of Spectrographic 
Equipment; this is now considered to be 
These recommendations were accepted jn final form. A report on testing of 
_ by the Standards Committee on Sep- three photographic emulsions is in 


on Fundamental 
pilation of Methods for Emission Methods (R. W. Smith, chairman).— 
Group 1 on Specification of Spark | 
Generators, headed by R. A. Wolfe, has | 
arranged a series of cooperative studies ) 
A proposed Tentative Method for on the behavior of excitation sources. } 
Spectrochemical Analysis of Tin by the Group 2, headed by J. Sherman, has | 
Cast Pin-Spark Technique has been prepared a report on Precision and 
_ prepared for action by the Administra- Accuracy which is to be circulated 
tive Committee on Standards. The within the subcommittee. 
~ method is based on, and will supersede, headed by H. A. Tuttle, has prepared a 


Group 4, 


remains 
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draft of a tentative recommended 
practice in photography which is under- 
going editorial review. Groups 5 and 7, 
headed by J. H. Coulliette and M. F. 
Hasler, are attempting to reconcile 
differing views in a new draft of a report 
on basic calculations in spectrographic 
analysis. Group 6, headed by D. L. Fry, 
is engaged in a cooperative testing 
program designed to test semi-quantita- 
tive methods of analysis. 

Subcommittee III, Editorial (K. O. 
Stevenson, chairman).—Preparation has 
continued on a booklet of editorial 
instructions for the guidance of Com- 
mittee E-2. Eight suggested methods 
and two tentative methods were reviewed 
during the year. 

Subcommittee IV on Standard Samples 
and Pure Materials (G. A. Nahstoll, 
chairman).—Work toward standardiza- 
tion of graphite electrode sizes has 
continued and the results of a survey of 
users are being compiled. 

Subcommittee V on Copper, Nickel, 
and Their Alloys (E. K. Jaycox, chair- 
man).—Group 1, headed by A. W. 
Young, has prepared a proposed method 
for sampling molten copper-base alloys 
which is to be circulated in the sub- 
committee. The subcommittee worked 
closely with Subcommittee VIII-A of 
Committee B-4 on cooperative tests of a 
method for the analysis of cathode 
nickel. The results of these tests will be 
considered in rewriting Method SM 5-1 
in the form of a tentative. 

Subcommittee VI on Lead, Tin, 
Antimony, Bismuth, and Their Alloys 
(E. J. Dunn, Jr., chairman).—Two 
proposed tentative methods for the 
analysis of tin alloys, based on suggested 
methods SM 6-4 and SM 6-9, have 
been approved by the subcommittee and 
forwarded to Committee E-2 for action. 
Cooperative tests of suggested method 
SM 6-3 on the analysis of pig lead was 
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started in a group of five laboratories. 
Two suggested methods were reviewed. 

Subcommitiee VII on Aluminum, 
Magnesium, and Their Alloys (J. R. 
Churchill, chairman).—Five suggested 
methods were reviewed during the year 
for analysis of titanium, aluminum, and 
aluminum oxide. 

Subcommittee VIII on Zinc, Cadmium, 
and Their Alloys (Alan Goldblatt, 
chairman)—A proposed __ tentative 
method for the analysis of zinc alloys by 
spark excitation was reviewed and re- 
written. 

Subcommitiee IX on Ferrous M tals 
(P. R. Irish, chairman)—A draft of a 
tentative method for the analysis of 
steel and cast iron was completed except 
for data on precision and accuracy. A 
suggested method for the analysis of — 
stainless steel was reviewed. : 

Subcommittee X on Non-Metals (W.J. 
Poehlman, chairman).—This subcom- 
mittee has been especially active during 
the year through most of its eleven task 
groups which are collecting and reviewing 
methods for the analysis of a wide 
variety of materials. These include 
alkalies, ceramics, ores, slags, and 
refractories. Three tentative methods are 
being prepared for the analysis of © 
caustic liquors, ceramics, and slags. 
Nine suggested methods are being 
reviewed by the subcommittee. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 122 members; 77 members 
returned their ballots, of whom 75 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf o 
the committee, 
B. F. ScRIBNER, 
Chairman. 
J. H. 
‘Secretary. 
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REPORT OF COMMITTEE E-3 
ON 
CHEMICAL ANALYSIS OF METALS* 


Committee E-3 on Chemical Analysis and Tin-Base 
ler Meta - 
_ of Metals held one ee during the Chemical Analysis for Aluminum in Zinc-Base 
year: at the Annual Meeting of the Die-Casting Alloys (E 47-50), 
z Society on July 1, 1954, at Atlantic Chemical Analysis for Sulfur in Special Brasses 
City, N. J. At the present time the com- and Bronzes (E 54-50), 
mittee consists of 115 members. White Metal Bearing 
| With the new edition of the ASTM Polarographic Determination of Lead and 
Methods for Chemical Analysis of Metals Cadmium in Zinc (E 68-467), 
contemplated for late this year, particu- Chemical Analysis of Copper-Nickel and Copper- 
lar emphasis of the committee’s work has _Nickel-Zinc Alloys (E 75-50 T), 
- been on refining the present methods, ar x of Nickel-Copper Alloys 
introducing new methods for ferroalloys, Chemical 
and providing for titanium alloy elements. (E 86-507), 
The election of officers for the ensuing Sampling Non-Ferrous Metals and Alloys in 


Cast Form for Determination of Chemical 

term of two years resulted in the selection Composition (E 88 ~ 50 T), 

_of the following: 
Chairman, Arba Thomas. Photometric Methods for: 
_ Vice-Chairmen, J. L. Hague and Chemical Analysis of Aluminum-Base Alloys 
(E 34-507), 
— gi tchik Determination of Cobalt in Nickel (E 39 - 49 T), 
ecretary, Kir ‘ Chemical Analysis of Magnesium and Magne- 
“Later sium-Base Alloys (E 35 - 50 T), 


: TENTATIVES CONTINUED WITHOUT Chemical Analysis of Copper and Copper-Base 
REVISION Alloys (E 62-50 T), 


Committee E-3 is currently reviewing eye of Iron in Slab Zinc (Spelter) 


the following seventeen tentative Chemical Analysis of Lead, Tin, Antimony, and 
methods that have stood for two years or Their Alloys (E 87 - 50 T).! 

‘more without change, with the idea of 

‘making revisions, additions, and com- Photometric Methods for Chemical Analysis 
-binations before the methods are pub- of Metals (E 60 - 50 T). 

lished in the next edition of the Book of 


p. _ ASTM Methods for Chemical Analysis ACTIVITIES OF SUBCOMMITTEES 

|? of Metals. The committee recommends Division F on Ferrous Metals (Arba 

that for the present they be continued as Thomas, chairman).—Considerable prog- 
_ tentative without revision: ress was made by the majority of the 


| =- : task groups during the year. 
_ Tentative Methods for: A method for the volumetric determi- 
_ Chemical Analysis of Pig Lead (E37-50T), nation of silicon in ferrotungsten and 
a tungsten metal, developed by the ferro- 
* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 1 See Editorial Note, p. 565. 
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alloy task group, was approved by letter 
ballot of both Division F and Commit- 
tee E-3 and is being presented to the 
Administrative Committee on Standards 
for publication as tentative together 
with methods for the analysis of fer- 
rotitanium.' Considerable progress has 
been made on the development of 
methods for the analysis of ferroboron, 
and in all probability this work will be 
completed during the early part of the 
coming year. 

A new photometric method for manga- 
nese in steel has also been approved by 
letter ballot of both Division F and Com- 
mittee E-3 and is being submitted to the 
Administrative Committee on Standards 
for publication as tentative.! This pro- 
cedure was designed to be applicable to 
both plain carbon steel and low-alloy 


has been developed by the task force 
responsible for this project. This pro- 
posed tentative procedure is now being 
studied for reproducibility and accuracy, 
and in all probability this method will 
be ready for letter ballot during the 
coming year. 

The task force in charge of the develop- | 


columbium and tantalum in stainless 
steels has a photometric procedure 
under study. This method covers the 
direct photometric determination of 
these two elements, eliminating the 
calculation of one of the elements by 


ment of methods for the determination of 7 


difference. 


cobalt in high-alloy steels is being studied 
by the task group responsible for this 
project. The task group in charge of the 


| 


A method for the determination of 


steels. development of a method for the de- — 
| The task force responsible for methods _ termination of zirconium in steels is now | 


covering high-silicon electrical steels has 
made considerable progress during the 
year. Work has been practically com- 
pleted on modifications of the majority 
of the present Methods E 30 so that they 
will include these high-silicon steels. 
Several photometric methods are being 
considered by the task force for the 
determination of phosphorus, aluminum, 
and certain other elements in these 
steels. 

The task force responsible for methods 
for the determination of magnesium in 
nodular iron has obtained encouraging 
data on the proposed methods that have 
been studied to date. Additional studies 
will have to be made in order to obtain 
more definite data on the reproducibility 
and accuracy of the proposed methods. 
It is anticipated that a satisfactory 
tentative method will be ready sometime 
during the coming year. 

A tentative procedure for the determi- 
nation of sulfur in cast iron, plain carbon 


steel, and low-alloy steel by combustion 


studying a procedure utilizing p-brom-— 
mandelic acid. 


The task group responsible for he 
development of a method for the determi- f 


nation of aluminum in alloy steels of the © 


stainless types has made very little 
progress during the year. During the 
coming year an attempt will be made to 
revitalize this task group in order to 
expedite this program. 

At the June, 1953, meeting of the 
division a task force was formed under 
the chairmanship of E. A. Lucas to 
study methods for the determination of 
rare earth elements in steels treated with 
these elements. The first approach to this 
problem will probably be to establish a 
satisfactory method for the determina- 
tion of total rare earths. When this has 
been accomplished, procedures for the 
separation of the individual elements 
will be considered if this is deemed 
advisable. 

In an effort to expedite the consider- 
ation of photometric methods for the 
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determination of many elements in steels, 


a new task force responsible for this 


project was appointed under the chair- 
manship of M. D. Cooper. 

Division N on Non-Ferrous Metals 
(C. Zischkau, chairman).—After con- 
siderable study and discussion it was 


- voted to disband the subcommittee 


structure of the division and to operate 
on a task-force basis. An advisory group, 
comprising former subcommittee chair- 
men, was appointed to assist in the al- 
location of task-force assignments. 

Methods for the analysis of beryllium 
copper alloys are ready for publication,' 
and methods for the analysis of fire- 
refined copper and chromium copper are 
being studied. 

Editorial revisions are being made to 
some of the white-metal methods, along 
with an improved revision of the photo- 
metric arsenic procedure.' A photometric 
antimony method is being studied. 

A method for the photometric determi- 
nation of silicon in aluminum alloys is 
ready for publication.' 

Methods have been written and ap- 
proved for the determination of copper, 
magnesium, and lead in zinc and zinc- 
base alloys. 

A new procedure for the determination 
of cadmium in silver solder is being 
tested and these methods will be re- 
written and modernized. 

A group of six methods for the analysis 
of impurities in electronic nickel has 
been completed and tested in cooperation 
with a group from Committee B-4 on 
Electrical Heating, Resistance, and 
Related Alloys. These are ready for 
committee letter ballot.' 

Further study is being made on the 
photometric determination of zirconium 
in magnesium-base alloys. 

Division S on Sampling (J. P. Brull, 
chairman).—Subcommittee S-1 has been 
relatively inactive and would welcome 
any problems regarding sampling of 


ferrous metals. Copies of a study on the 
segregation of sulfur in cast iron have 
been distributed. 

Subcommittee S-2 on Sampling of 
the Non-Ferrous Metals plans to rewrite 
the Methods of Sampling Non-Ferrous 
Metals and Alloys in Cast Form for 
Determination of Chemical Composition 
(E 88-50 T) in the light of comments 
received. Until this task can be com- 
pleted, the subcommittee recommends 
that Methods E-88 be continued as 
tentative. 

The division has appointed three 
members to work in cooperation with 
Committee E-2 on Emission Spec- 
troscopy, on the development of a joint 
sampling procedure. 

One member of Division S has been 
appointed to a special task force to 
review methods of analyses for metal 
powders, prepared by Committee B-9. 

A member of Division S has been 
appointed to Committee B-2 in regard 
to the sampling procedures for titanium 
metal. 

Division M on Miscellaneous Metals 
(R. M. Fowler, chairman).—During the 
year, progress has been made in the 
development of methods for the analysis 
of titanium metal through cooperation 
with the group at Watertown Arsenal 
studying this problem. While no methods 
have developed to the tentative status, 
several should reach this stage by the 
end of the year. In the development of 
analytical methods for titanium, the 
problem of sampling and the preparation 
of suitable standard samples appears to 
be more difficult than the development 
of satisfactory methods of analysis. 

A task group has been organized and 
has started work on the revision of the 
procedures for the analysis of electrical 
heating alloys. 

Division G on General Analytical Meth- 
ods (H. F. Beeghly, chairman)—Sub- 
committee G-1 on Reagents has con- 


Report or Committee E-3 


Sf 
fc 
C 
al 
al 
Pp 
a 
n 
4 is 
P 
0 
j 
t 
if 
ne 
4 
om 
LA 
4 


sulted with interested groups on reagent 
specifications. 

Subcommittee G-2 on Apparatus has 
prepared a final draft on performance 
specifications on analytical balances and 
forwarded it to Subcommittee 21 of 
Committee E-1 for review prior to initi- 
ating appropriate action for its accept- 
ance as a tentative specification. Also, 
preparation of the initial draft of perfor- 
mance specifications on electrodeposition 
apparatus is under way. 

Subcommittee G-3 on Common Pro- 
cedures has prepared a procedure for 
nickel. A task force, using this procedure, 
is analyzing a steel sample to obtain com- 
parative data with the method. Members 
of G-3 met with representatives of Divi- 
sions F and N to discuss a revision of 
the periodate method for manganese. 


Tentative Methods for: 


Tentative Photometric Methods for: 


Nore 


_ Subsequent to the Annual Meeting, Committee E-3 presented to the Society through 
_ the Administrative Committee on Standards the following recommendations: 


Chemical Analysis of Ferro-Alloys (E 31 — 54 T), and 
Chemical Analysis of Copper-Beryllium Alloys (E 106 - 54 T).— 


Determination of Manganese in Steel (E 30 - 54 T), and 
Chemical Analysis of Electronic Nickel (E 107 - 54 T). 
Revision of Tentative Photometric Methods for: 

Chemical Analysis of Aluminum and Aluminum-Base Alloys (E 34-50 T), and 
Chemical Analysis of Lead, Tin, Antimony, and Their Alloys (E 87 — 50 T). 


Editorial Subcommittee (J. L. Hague, 
chairman).—One meeting was held 
during the year for the purpose of review- 
ing the fourth draft covering the Recom- 
mendations on Form for ASTM Methods 
for Chemical Analysis of Metals. 


This report has been submitted to 
letter ballot, which consists of 115 
members; 83 members returned their 
ballots, of whom 78 have voted affirma- 
tively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. W. 
H. Krrtcuik, 
Secretary. 


The revision of Methods E 34 was accepted by the Standards Committee on De- 
cember 22, 1954, and the other recommendations were accepted on October 4, 1954; 
all will appear in the 1955 Book of ASTM Methods for Chemical Analysis of Metals. 
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Committee E-4 on Metallography and 
most of its subcommittees held two 
meetings during the current year: the 
first in Atlantic City, N. J., on June 
30, 1953, and the second in Washington, 
D. C., on February 2, 1954. 

The committee continues a steady 
growth and now has 108 members. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, L. L. Wyman. 

Vice-Chairman, R. E. Penrod. 

Secretary, Mary R. Norton. 


q RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 

ON STANDARDS 


Subsequent to the 1953 Annual Meet- 
ing, Committee E-4 presented to the 
Society through the Administrative 
Committee on Standards revisions of the 
Tentative Method for Preparing Quanti- 
tative Pole Figures of Metals (E 81 - 
49T). This recommendation was ac- 
cepted by the Standards Committee on 
March 3, 1954, and the revised method 
appears in the 1954 Supplement to Book 
_ of ASTM Standards, Part 2. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Selection and Prep- 
aration of Samples (F. C. Hull, chairman) 
has a number of Task Groups working 
on the many sections of the Methods of 
Preparation of Metallographic Speci- 
mens (E 3-46 T). The many advances 
in metallographic technique make the 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954, 
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present revision a major task, and it is 
hoped that most of the work can be com- 
pleted within the next year. 

Subcommittee II on Definitions (R. S. 
Busk, chairman) has completed the few 
changes recommended in the final re- 
view of the nearly 1000 definitions com- 
piled by the subcommittee. The entire 
compilation is now ready for letter ballot. 

Subcommittee III on Nomenclature 
(P. A. Beck, chairman) has devised what 
appears to be an excellent system of 
phase nomenclature for metallic systems. 
The proposal is now undergoing exten- 
sive review, both in this country and 
abroad. 

Subcommittee IV on Photomicrography 
(S. W. Poole, chairman) has been par- 
ticularly active in connection with the 
1954 Photomicrographic Exhibit. Par- 
ticular emphasis on student and foreign 
representation has involved a very ap- 
preciable amount of contact work, and 
preliminary results are promising. 

A new phase of this effort is that the 
student contest involves all stages of 
work from the raw specimen to com- 
pleted photomicrograph. The samples, 
alloy stee! and aluminum alloy, are 
furnished the students through the 
courtesy of Committee E-4 members. 

Subcommittee V on Microhardness is 
continuing the “round-robin” series of 
interlaboratory tests using specially 
calibrated stage micrometers. In addi- 
tion, a new series of tests is being in- 
augurated which is aimed at evaluating 
the effects of various methods of surface 
preparation on microhardness deter- 
minations. 
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Subcommittee VI on X-ray Diffraction 
(W. L. Fink, chairman) prepared the 
revision of Method E 81 which was ac- 
cepted during the year by the Admin- 
istrative Committee on Standards. In 
addition, the first section of the proposed 
enlarged Recommended Practice E 43 
has already had one review and now ap- 
pears ready for final letter ballot of the 
subcommittee. 

Subcommittee VII on Thermal Analysis 
(D. I. Finch, chairman) is taking pre- 
liminary steps to formulate a recom- 
mended practice for thermal analysis by 
means of change in electrical resistance. 

Subcommittee VIII on Grain Size (R. 
E. Penrod, chairman) is making a 
thorough check of the two non-ferrous 
grain size standards and, in collaboration 
with Section C on Non-Ferrous Grain-Size 
(H. P. George, chairman), will eliminate 
all minor discrepancies in all of the grain 
size standards as a near-final step to 
the consolidation of all of these methods. 

Subcommittee XI on Electron Micro- 
structure (W. L. Grube, chairman) has 
taken a major forward step by extend- 
ing its interests and activities to the 
field of non-ferrous metals. The original 
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This report has been submitted to 
letter ballot of the committee, which 
consists of 108 members; 90 members 
returned their ballots, of whom 84 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


Mary R. Norton, 


Secretary. 


1 See p. 568. 


in electron micro-— 
structure of steels will continue as one © 
section of the subcommittee, anda new 
section concerned with non-ferrous 
metals will be organized. 

The subcommittee’s most interesting 
symposium on Techniques for Electron 
Metallography held at the 1953 Annual 
Meeting was exceptionally well received, _ 
and is the basis for thecurrently available 
STP No. 155. 

The Fourth Progress Report of Sub- 
committee XI is appended to this re- 


L. L. WYMAN, 
Chairman. 
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APPENDIX 


tee RON MICROSTRUCTURE OF TEMPERED BAINITE 
AND TEMPERED MARTENSITE IN STEEL 


FourtH ProGress REPORT BY SUBCOMMITTEE XI oF 
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CoMMITTEE E-4* 


‘The first two reports':? of Subcom- 


mittee XI of Committee E-4 on Metal- 
lography presented the results of a 
cooperative electron microscope study 
of structures of a series of eutectoid 


* Members of Subcommittee XI actively 
participating in this study: 
W. L. Grube, Chairman—General Motors 


_ Corp., Detroit, Mich. 


C. M. Schwartz, Secretary—Battelle Me- 
morial Inst., Columbus, Ohio 

L. 8S. Birks, Naval Research Laboratory, 
Washington, D. C. 

P. Coheur, Centre Belge de Metallurgie 
Physique, Liege, Belgium 

A. L. Ellis, International Harvester Co., 


Fisher, U. S. Steel Corp., Kearny, 


E. F. Fullam, Ernest F. Fullam, Inc., 
nectady, N. Y. 

A. &. General Electric Co., Sche- 
nectady, N. Y. 

D. J. Girardi, Timken Roller Bearing Co., 
Canton, Ohio 

L. Habraken, Centre Belge de Metallurgie 
Physique, Liege, Belgium 

J. M. Hodge, U. S. Steel Corp., Pittsburgh, 
Pa. 

G. Noakes, 
Mich. 

W. Pahl, Ford Motor Co., Dearborn, Mich. 
LL. D. Pellier, American Cyanamid Co., 
Stamford, Conn. 


Sche- 


Ford Motor Co., Dearborn, 


G. E. Pellissier, U. S. Steel Corp., Pitts- 
burgh, Pa. 
G. H. Robinson, General Motors Corp., 


Detroit, Mich. 


T. Ross, Chrysler Corp., Detroit, Mich. 
FF. G. Rowe, American Cyanamid Co., 
Stamford, Conn. 

D. M. Teague (Past Chairman), Chrysler 
Corp., Detroit, Mich. 


Cc. F. Tufts, Electric Products, 
Bayside, L. I., 
J. R. Vilella, +S S. Steel Corp., Kearny, 
NwJ. 


steel samples. Microstructures of iso- 
thermally transformed bainites, and of 
quenched - and - tempered martensites, 
were examined. Electron micrographs of 
these specimens indicated that the 
microstructure in those bainites formed 
above 600 F differed markedly from 
that in the bainites formed at or below 
600 F. It was therefore concluded that 
these bainites could be grouped into 
two classes: upper bainite and lower 
bainite. The electron micrographs also 
indicated that there was a similarity 
between some of the bainites and the 
tempered martensites. 

In view of these results, the com- 
mittee decided to study the relation- 
ships between bainitic and martensitic 
structures and, in particular, to compare 
these structures after each had received 
the same tempering treatment. Chosen 
for this investigation were bainites pro- 
duced by isothermal transformation at 
500 F and 750 F, and quenched marten- 
site. These structures were examined 
both as formed and after tempering at 
800 F, 1100 F, and 1250 F. 


EXPERIMENTAL WorK 
The specimens were prepared from 


1“Electron Microstructure of Steel,’’ First 
Progress Report by Subcommittee XI on Elec- 
tron Microstructure of Steel, ASTM Committee 
E-4 on Metallography, Proceedings, Am. Soc. 
Testing Mats., Vol. 50, p. 444 (1950). 

2“Electron Microstructure of Bainite in 
Steel,” Second Progress Report by Subcom- 
mittee XI of Committee E-4, Proceedings, Am. 
Soc. Testing Mats., Vol. 52, p. 543 (1952). 
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the same steel used in previous studies. 
The composition is as follows: 


Manganese, per 0.44 
0.013 


Sets of identical specimens were heat- 
treated at the Research Laboratory of 
the U. S. Steel Corp. The specimens 


Replica.—Formvar or collodion, nega- 
tive. 

Shadowing Metal.—Chromium, shad- 
owing angle 1:1 to 2:1. 

Print.—Direct enlargement of nega- 
tive plate. 


RESULTS 
Bainites Formed at 500 F: 


The first series of micrographs, Figs. 
1 to 8, is of lower bainites that were 


TABLE I.—STRUCTURES INVESTIGATED AND CORRESPONDING 
HEAT TREATMENTS. 


Specimen Structure | Heat Treatment After Austenitizing om 
ae Bainite formed at 500 F.............. | 214 hr at 500 F | 57.4 
22.......| Bainite formed at 500 F, tempered at | 
SOL RO eee | 246 hr at 500 F, 1 hr at 800 F 47.7 
Bainite formed at 500 F, tempered at 
216 hr at 500 F, 3 hr at 800 F 44.5 
cs a ciate Bainite formed at 500 F, tempered at 
214 hr at 500 F, 6 hr at 800 F 43.5 
Bainite formed at 500 F, tempered at 
ERR a ee 214 hr at 500 F, 1 hr at 1100 F 34.2 
ee Bainite formed at 500 F, tempered at 
eS Bainite formed at 750 F.............. 6 sec at 550 F, 7 min at 750 F 43.8 
25.. Bainite formed at 750 F, tempered at 
6 sec at 550 F, 10 min at 750 F, 1 42.5 
| hrat 800F 
26 Bainite formed at 750 F, tempered at 
6 sec at 550 F, 10 min at 750 F, 1 33.2 
hr at 1100 F 
ae Bainite formed at 750 F, tempered at 
6 sec at 550 F, 10 min at 750 F, 12 18.5 
hr at 1250 F 
_ ee Martensite, tempered at 800 F........ Brine-quenched, 1 hr at 800 F 44.1 
BEN «ok wad Martensite, tempered at 800 F........ Brine-quenched, 6 hr at 800 F 45.0 
ae Martensite, tempered at 1100 F....... Brine-quenched, 1 hr at 1100 F | 32.6 
_ eee Martensite, tempered at 1250 F....... Brine-quenched, 12 hr at 1250 F 20.1 


were copper plated and austenitized in 
a reducing atmosphere for 35 min at 
1800 F. Table I gives the further heat 
treatments of the specimens and also the 
Rockwell C hardness values. 

The procedure used in the prepara- 
tion of electron micrographs is similar to 
that described in previous progress re- 
ports: * and consists of the following 
steps: 

_ Etch.—Picral, 2 to 4 per cent. 


formed isothermally at 500 F and which 
received the temper as indicated in 
Table I. The series shows, as expected, 
that with increasing tempering tempera- 
ture and time the carbides become 
coarser and more spheroidal, while the 


3 Appendix to ‘Electron Microstructure of 
Steel,” First Progress Report by Subcommittee 
XI. 

4“Techniques for Ferrous Electron Metal- 
lography,” Third Progress Report by Subcom- 
mittee XI of Committee E-4, Proceedings, Am. 
Soc. Testing Mats., Vol. 53, p. 505 (1953). 
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ratio of carbide to ferrite remains rela- 
_latively unchanged. In general, the 
agglomeration of the carbides is ac- 
companied by a decrease in hardness 


‘(Table 1). 

Figure 1 is typical of the fine, feather- 
like structure observed in lower bainite 
(57.4 R.). The bainite “needles” contain 

small parallel platelets which are in- 
clined to the needle axis; the needles are 
_ long and narrow. When this structure is 


__ tempered for 1 hr at 800 F, the over-all 


acicular appearance remains essentially 
unchanged, as shown in Fig. 2 (47.7 
R.). The parallel arrangement of the 
carbide platelets within the needles is 
similar to that in the untempered struc- 
ture, although the carbides seem to be 
more clearly defined in the tempered 
structure. 

Careful examination of Figs. 1 and 2, 
_ however, indicates some difference in 
the etching characteristics of the matrix. 
Comparison of the untempered and 
tempered structures at appreciably 
higher magnification, 30,000 X, shows 
this difference between the two struc- 
tures more distinctly (Figs. 3 and 4). 
Whereas the matrix in the tempered 
specimen is smooth and _ uniformly 
etched ferrite (Fig. 4), the matrix in the 
untempered specimen etches unevenly 
(Fig. 3). This appearance strongly 
suggests the presence of an extremely 
fine precipitate distributed in the 
matrix, in addition to the larger, more 
clearly defined carbide platelets. There 
is some reason to think that this fine 
constituent may actually be the hex- 
agonal epsilon carbide described by K. 
H. Jack,® since earlier work by Austifi 
and Schwartz® has shown that the un- 


5K. H. Jack, “Results of Further X-ray 
Structural Investigations of the Iron-Carbon 
and Iron-Nickel Systems and of the Related 
Interstitial Alloys,”’ Acta Crystallographica, Vol. 
3, p. 392 (1950). 

6A. E. Austin and C. M. Schwartz, ‘“Elec- 
tron Diffraction Study of Iron-Carbide in 
_ Bainite and Tempered Martensite,’’ Proceed- 

ings, Am. Soc. Testing Mats., Vol. 52, p. 592 
(1952). 
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tempered specimen contains epsilon 
carbide as well as cementite. This dif- 
ference in the matrix probably accounts 
for the relatively large decrease in 
hardness (from 57.4 to 47.7 R,) that 
occurs upon tempering for one hour at 
800 F, since the change in the particle 
size of the cementite is not pronounced. 
The very fine structure in untempered 
lower bainite requires further investiga- 
tion before its full significance can be 
evaluated. 

Figure 5 (44.5 R.) and Fig. 6 (43.5 
R.) are micrographs of the 500 F 
bainite, tempered at 800 F for 3 hr and 
6 hr, respectively. They indicate that 
upon tempering the finer carbides tend 
to disappear, with a slight growth of the 
larger particles. The corresponding de- 
crease in hardness is small. 

The microstructure of 500 F bainite 
tempered for 1 hr at 1100 F is shown in 
Fig. 7 (34.2 R,). There appears to be a 
dual size distribution of carbide par- 
ticles in this structure; the smaller 
carbides are randomly distributed in the 
matrix, whereas the larger carbides are 
located predominately at the ferrite 
grain boundaries. Figure 8 (16.5 R.) is 
an electron micrograph of 500 F bainite 
tempered for 12 hr at 1250 F. In this 
microstructure, the spheroidization and 
agglomeration of the carbides have 
reached an advanced stage; the larger 
carbide particles tend to have an angular 
shape, and they are situated at ferrite 
grain boundaries. The size and shape of 
the ferrite grains suggest that they are 
a vestige of the original bainite needles. 
These ferrite grains are considerably 
smaller than the prior austenite grains. 


Bainites Formed at 750 F: 


The second series of microstructures 
consists of electron micrographs of 
bainites which were formed at 750 F, 
chosen to be typical of upper bainite. 
Figure 9 (43.8 R.) shows the micro- 
structure of untempered 750 F bainite. 
The structure is coarser, the carbides 
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are more randomly oriented than in the 
untempered 500 F bainite, and the 
acicularity is less marked. The carbides 
are much longer, more stringer-like, 
and tend to lie parallel to the longer 
axis of the bainite needle. Tempering 
this structure for 1 hr at 800 F, Fig. 10 
(42.5 R.), results in little change of the 
microstructure or the hardness. 

The microstructure of the 750 F 
bainite tempered for 1 hr at 1100 F, 
Fig. 11 (33.2 R.), is generally similar to 
that of the 500 F bainite tempered in 
the same way, except that some of the 
long, stringer-like carbide particles char- 
acteristic of upper bainite persist in this 
tempered structure. After tempering the 
750 F bainite for 12 hr at 1250 F, Fig. 
12 (18.5 R.), the microstructure is 
again similar to that of the 500 F bainite 
after the same tempering treatment, 
although in the tempered 750 F bainite 
the ferrite grain size is somewhat 
larger and the grains less elongated. 


Tempered Martensiles and Comparison 
with Tempered Bainites: 


The third series of micrographs con- 
sists of martensites which have been 
tempered at 800 F, 1100 F, and 1250 F. 
These structures were discussed in the 
First Progress Report of the Subcom- 
mittee’ and are included here for com- 
parison with the tempered bainites 
described above. 

Figure 13 (44.1 R.) is a micrograph 
of inartensite tempered 1 hr at 800 F. 
The carbide size and distribution is 
very similar to that found in 750 F 
bainite, both untempered (Fig. 9) and 
tempered at 800 F for 1 hr (Fig. 10). 
Figure 14 (45.0 R.) is a micrograph of 
martensite tempered 6 hr at 800 F. 


After this longer tempering treatment 
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at 800 F, the carbides are an 
coarser, but otherwise the structure 
remains unchanged. 

The structure of martensite tempered a 
1 hr at 1100 F is shown in Fig. 15 (32.6 © 
R,). The carbide size and distribution is 
very similar to that observed in the 
500 F bainite and 750 F bainite after 
the same tempering treatment, except 
for the presence of some long, stringer- 
like carbides in the tempered 750 F- 
bainite. 

Figure 16 is an electron micrograph of 
martensite tempered 12 hr at 1250 F- 
(20.1 R.). The carbide size and distribu 
tion in this microstructure is much the 
same as in the corresponding tempered 
bainites. There are, however, apparent 
differences in ferrite grain size and shape 
among these three microstructures. In 
the tempered 750 F bainite, the ferrite 
grains are relatively large and somewhat 
equi-axed; in the tempered 500 F 
bainite, they are elongated and smaller; 
and in the tempered martensite, they 
are equi-axed and still smaller. 


CONCLUSIONS 


1. The matrix in the as-formed 500 F 
bainite shows a characteristic roughness 
which suggests the existence of a fine 
precipitate in addition to the cementite 
platelets. Upon tempering 1 hr at 800 F, 
this roughness disappears and the 
matrix becomes smooth. 

2. Vestiges of the original bainite and 
martensite structures are retained after 
tempering. In 500 F bainite the charac- 
teristic cross-striated needle structure 
remains after tempering for 1 hr at 
800 F, and after prolonged tempering at 
1250 F elongated ferrite grains, reminis- 
cent of the original bainite needles, are 
observed. 
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Fic. 1.—Tempered Bainite, Formed at 500 F, Picral Etch (X 15 000). 
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Fic. 2.—Tempered Bainite, Formed at 500 F, Tempered 1 hr at 800 F, Picral Etch (X 15 000). 
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Fic. 4.—Tempered Bainite, Formed at 500 F, Tempered 1 hr at 800 F, Picral Etch 
(X 30 000). 
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Fic. 5.—Tempered Bainite, Formed at 500 F, Tempered 3 hr at 800 F, Picral Etch (X 15 000). 
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j 
Fic. 6.—Tempered Bainite, Formed at 500 F, Tempered 6 hr at 800 F, Picral Etch (X 15 000). : 
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in oe Fic. 7.—Tempered Bainite, Formed at 500 F, Tempered 1 hr at 1100 F, Picral Etch (X 15 000). 
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Fic. 9.—-Tempered Bainite, Formed at 7 
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( Fic. 10.—Tempered Bainite, Formed at 750 F, Tempered 1 hr at 800 F, Picral Etch 
X 15 000). 
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Fic. 11—Tempered Bainite, Formed at 750 F, Tempered 1 hr at 1100 F, Picral Etch 


(X 15 000). 
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Fic. 12.—Tempered Bainite, Formed at 750 F, Tempered 12 hr at 1250 F, Picral Etch 
(X 15 000). 
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: Fic. 14.—Martensite Tempered 6 hr at 800 F, Picral Etch (X 15 000). : i 
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Fic. 15.—Martensite Tempered 1 hr at 1100 F, Picral Etch (X 15 000). 
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; Fic. 16.—Martensite Tempered 12 hr at 1250 F, Picral Etch (X 15 000). : 


Mr. E. E. WEISMANTEL! (presented in 
wrillen form).—An interesting tabulation 
of the properties of the various trans- 
formation products is shown in the 
accompanying Table II, using the data 
presented in this Fourth Progress Re- 
port covering the electron microstructure 
of the transformation products in steel. 
et us first consider the difference in 
hardness properties with any constant 
tempering temperature. For all three 
temperatures, there is a definite trend 
indicated. It seems natural that the 750 
F bainite, being a more stable structure 
at temperature, should retain its hard- 
ness better than the lower-temperature 
transformation products. Within the 
limits of experimental error in Rockwell 
testing (+1), this is borne out in all 
cases. If this is so, then, considering dif- 
ferences in microstructure so obtained, 
there must still be some explanation for 
the differences in hardness results ob- 
tained on the 1250F products. The 
difference between the 500 F bainite and 
the martensite is beyond experimental 
error and is explained by Subcom- 
mittee XI on the basis of grain size. This 
might well be the case, but it is also pos- 
sible that the difference in background 
contrast as exhibited by these photomi- 
crographs might be more than just dif- 
ferences in photographic processing. Per- 
haps there is something still beyond the 
grasp of our current resolution—perhaps 


. Metallurgist, Piasecki Helicopter Corp., Mor- 
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even influences of domains and displace- 
ments caused by the original carbon 
concentrations in the sheared martensite 
structure—that might give rise to this 
type of effect. I say this because, at all 
other tempering temperatures, the actual 
resultant hardness readings are not so 
widely spread as at the maximum tem- 
pering temperature. 

Another factor of possible significance 
is the microstructure presented for the 
lower bainite, especially for the bainite 
that has not been tempered. I think that 
it has been previously demonstrated that 
the upper bainitic products are basically 
different from martensite, being essen- 
tially the result of nucleation by pre- 
cipitation of ferrite. The microstructures 
presented for these lower products, how- 
ever, suggest to this discusser a possible 
type of transition structure whereby 
there is a tendency for a martensitic 
type shear. Due to energy considerations 
of the system, however, the stresses that 
originated the shear in martensite are 
mainly relieved by a semiplastic move- 
ment within the lattice, resulting in the 
compromise structure that is presented. 

This last factor seems to be at least 
partially plausible since some investiga- 
tors in the past have remarked on the 
similarity of properties between the lower 
bainites and the martensitic products. 

My concluding question deals with the 
relative physical properties resulting 
from these separate products. This is an 
important point both from the research 
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and the commercial aspects. There are, 
at present, many conflicting articles that 
present different viewpoints on tensile 
and other properties of both mixed and 
supposedly thoroughly transformed mi- 
crostructures. Because of this confusion, 
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and misinformation that may arise out of 
individual studies. 

I have attempted to review this article 
with the respect that is due work of this 
significance. The importance of and ne- 
cessity for the continuation of this type of 


TABLE II.—VARIATION OF RETAINED HARDNESS PROPERTIES OF FERROUS 
TRANSFORMATION PRODUCTS AS AFFECTED BY TEMPERING TEMPERATURE. 


Martensite 500 F Bainite 750 F Bainite 
Tempering Temperature Griginal 1 Original 
rdness a a 
Hardness, Re | Retained, | Hardness, Re | Retained, | Hardness, Re | Retained, 
per cent per cent per cent 
a 20.1¢ 31¢ 16.5 29 18.5 42 
32.6 50° 34.2 60 33.2 76 
800 F: 
ee 44.1 68¢ 47.7 83 42.5 97 
44.5 78 
As formed......... 65.14 57.4 43.8 


“ Corrected figures by W. L. Grube. 


TABLE III.—RETAINED HARDNESS OF FERROUS TRANSFORMATION PRODUCTS 
AS AFFECTED BY TEMPERING TEMPERATURE. 


{ 
500 F Bainite 750 F Bainite Martensite 
Tempering Ti Original Origi Original 
ime, hr rigina rigina riginal 
Hardness, Re Hardness, Re Hardness, Re 
per cent per cent per cent 
As formed...... 57.4 43.8 65.1 
err: 1 47.7 42.5 97 44.1 68 
ere 3 44.5 78 
Se 6 43.5 76 | 45.0 69 
1 34.2 | 60 | 33.2 76 32.6 50 
| eee 12 16.5 29 | 18.5 42 20.1 31 


one feels that perhaps some of the mi- 
crostructures microscopically verified to 
be of one product were not actually so, 
and that other factors associated with 
mixed microstructures were predominat- 
ing. This then is another field that must 
be investigated to avoid the confusion 


cooperative program should be empha- 
sized. 

Mr. W. L. GRruBE (author’s closure).— 
Mr. Weismantel’s observations concern- 
ing the percentage hardness retained 
upon tempering the three microstruc- 
tures examined are interesting. However, 
it does not appear that the greater per- 
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centage of the original hardness retained 
S the 750 F bainite is a significant factor 
in this case. It is true that the percentage 
hardness retained in the tempered 750 F 
bainite is invariably greater than that in 


the other structures, but not to be over- 


looked is the fact that 750 F bainite is 
_ considerably softer than the others in the 
-untempered state. As shown on the ac- 
companying Table ITI, hardness retained 


(the accompanying Fig. 17), these values 
fall at a point on the curve where the 
slope is quite steep. Hence, very small 
differences in temperature, such as may 
exist in different locations in the furnace, 
may result in measurable differences in 
hardness. Second, and perhaps more sig- 
nificant, is the fact that the Rockwell C 
scale is not considered accurate below 
R. 20, and hence the spread between the 


after tempering appears to be chiefly a 
function of tempering temperature rather 
than the original microstructure, since 
the hardness values of the three micro- 
structures do not bear the same relation- 
ship to each other from one tempering 
temperature to another. 

The spread in hardness between the 
spheroidized martensite and the sphe- 
roidized 500 F bainite, mentioned by Mr. 
Weismantel, is not too significant for two 
reasons. First, as shown by the plot of 
hardness versus tempering temperature 
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two values is probably no greater than 
the limits of experimental reliability. 
Regarding Mr. Weismantel’s proposed 
mechanism for the formation of lower 
bainite, the results presented in this re- 
port do not provide supporting evidence. 
Mr. Weismantel’s concluding point is 
well taken. When attempting to correlate 
mechanical properties with microstruc- 
ture, the importance of working with 
microstructures whose identity has been 


carefully established cannot be over- 


emphasized. 
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Committee E-5 on Fire Tests of Ma- 
terials and Constructions held two meet- 
ings during the year: one in Atlantic 
City, N. J., on July 2, 1953, and the 
other in Washington, D. C., on February 
5, 1954. 

The committee consists of 54 members, 
of whom 26 are classified as producers, 
7 as consumers, and 21 as general in- 
terest members, with 4 consulting mem- 
bers. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, A. L. Brown. 


Vice-Chairman, W. J. Krefeld. ° 
Secretary, R. C. Corson. — 


REVISION OF STANDARD, IMMEDIATE 
ADOPTION 


The committee recommends that the 
following revision of the Standard 
Methods of Fire Tests of Building Con- 
struction and Materials (E 119 — 53)! be 
approved for reference to letter ballot 
of the Society for immediate adoption 
and accordingly asks for the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that this 
revision may be referred to letter ballot 
of the Society: 

Introduction—Delete the last para- 
graph. 


* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 

1 1953 Supplement to Book of ASTM Stand- 
ards, Part 4. 
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FIRE TESTS OF MATERIALS AND CONSTRUCTIONS* 


ADOPTION OF TENTATIVE REVISION AS ; 
STANDARD 


The committee recommends that the 
tentative revisions of the Standard 
Methods of Fire Tests of Building Con- 
struction and Materials (E 119 - 53)! 
relating to Sections 9 and 26, issued 
June, 1953,! be approved for reference 
to letter ballot of the Society for adop- | 
tion as standard. 


TENTATIVE REVISION OF STANDARD 


This committee recommends the fol- 
lowing tentative revisions of Standard 
Methods of Fire Tests of Building Con- 
struction and Materials (E 119 - 53):! 

Section 4.—Change Paragraph (0) to 
read as follows: 


“(b) Temperature readings shall be taken at 
not less than nine points on the surface. Five of 
these shall be symmetrically disposed, one to 
be approximately at the center of the specimen, 
and four at approximately the center of its 
quarter sections. The other four shall be located 
at the discretion of the testing authority to ob- 
tain representative information on the per- 
formance of the construction under test. None 
of the thermocouples shall be nearer than one 
and one-half times the thickness of the construc- 
tion, or nearer than 12 in. to the edges, and 
none of them shall be located opposite or on top 
of beams, girders, pilasters, or other structural 
members if temperatures at such points will 
obviously be lower than at more representative 
locations.” 


Section 5.—Add the following at the © 
end of Paragraph (a): 


“Reports shall include observations of sig- __ 
nificant details of the behavior of the material 
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or construction during the test and after the 
furnace fire is cut off, including information on 
4 deformation, spalling, cracking, burning of the 
: specimen or its component parts, continuance 
of flaming, and production of smoke.” 


Tentative Method of: 


Fire Hazard Classification of Building Materials 
(E 84 - 50 T). 


Tentative Revision of Standard Methods of: 


Fire Tests of Building Construction and Ma- 
terials (E 119 — 53), relating to Section 6. 


EDITORIAL CHANGE 


_ The committee recommends the fol- 
lowing editorial change in the Standard 
Methods of Fire Tests of Building Con- 
struction and Materials (E 119 — 53 ): 

Section 25.—In the first line, add the 


af “test” after the word “endurance” 


and delete the immediately following 
phrase “‘and fire and hose stream tests.’ 
This conforms with the deletion of 
Section 26(6). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


A draft of a fire test method using 
small size specimens, which was pre- 
pared by a special task group at the 
suggestion of ASTM Committee E-6 on 
Methods of Testing Building Construc- 
tion and proposed for inclusion as an 


appendix to Standard Methods E 119, 
is to be given further consideration by 


~~ 2The le The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


REPORT OF COMMITTEE E-5 


TENTATIVES CONTINUED WITHOUT 
REVISION 
The committee recommends that the 
“folio tentative and tentative revi- 
sion be continued as tentative without 
revision . 


=" 


the special group prior to submission 
of Subcommittee I for action. 

Subcommittee I on Fire Tests of Ma- 
terials and Construction (G. N. Thomp- 
son, chairman).—A special task group 
studied the requirements of Section 10 
of E 119 pertaining to conditioning of 
specimens. The subcommittee, after 
receiving the report, decided unani- 
mously that no changes should be made. 

A special task group is studying the 
possibility of expanding Sections 27 to 
30, inclusive of E 119, entitled ‘“‘Alternate 
Test of Protection for Solid Structural 
Steel Beams and Girders,” to include 
steel joists and similar open web mem- 
bers. 

Subcommittee III on Fire Tests of 
Wall Openings Assemblies (H. D. Foster, 
chairman).—A_ revised draft of the 
Standard Methods of Fire Tests of Door 
Assemblies (E 152-41) to replace the 
present standard has been submitted 
to the members for study and discussion 
at a future meeting. 

Subcommitiee IV on Fire Tests of 
Acoustical and Similar Finishes.—A re- 
port on the status of the small tunnel 
project, now under way at the Forest 
Products Laboratories, indicates that 
funds from industry were solicited to 
conduct further tests to perfect draft 
conditions and methods of observing 
results. Industry responded generously 
and the investigation is being pursued. 
The present technical task group has 
been enlarged to include members of 
industry who have contributed funds 
for the research and others vitally in- 
terested, so as to afford them the op- 
portunity to be currently informed on 
the progress work and to make sugges- 
tions or comments regarding the con- 
ducting of tests. 

Subcommittee V on Nomenclature and 
Definitions (J. R. Shank, chairman).— 
A tentative method of test for use in 
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defining the term “noncombustible” as 
applied to building materials has been 
prepared and submitted to Committee 
E-5 members for review prior to discus- 
sion at a future meeting. 

Subcommittee VIII on Fire Tests of 
Roof Coverings (A. J. Steiner, chair- 
man).—A draft of a proposed method 
for establishing the fire hazard of roof 
coverings has been discussed at length 
but no action taken pending the review 
of a similar draft being prepared by a 
technical committee of the Asphalt 
Roofing Industry Bureau which will be 
available in the near future. Both drafts 
will receive further consideration by the 
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subcommittee before being submitted 
to the committee. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 54 voting members; 45 mem- 
bers returned their ballots, of whom 44 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
A. L. Brown, 
Chairman. 
R. C. Corson, ru 


Secretary. 
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Committee E-6 on Methods of Testing 
Building Constructions held one meeting 
during the year: on June 30, 1953, at 
Atlantic City, N. J., during the Annual 
Meeting of the Society. 

The committee consists of 60 members 
of whom 51 are voting members; the 
membership is not classified. The com- 
mittee regrets to report the death on 
March 16, 1953, of F. H. Alcott, a repre- 
sentative of the National Lumber Manu- 
facturers Assn. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, R. F. Legget. 

Vice-Chairman, Harold Perrine. 

Secretary, R. F. Biggs, 


_ ADOPTION OF TENTATIVE AS STANDARD 


The committee recommends that the 
Tentative Methods of Conducting 
_ Strength Tests of Panels for Building 
Construction (E 72 - 51 T)' be approved 
for reference to letter ballot of the 
Society for adoption as standard without 
change. 

The revision in the methods in 1951 
was made to incorporate additional 
testing procedures and to include in- 
formation on recent developments in 
testing equipment and measuring ap- 
paratus. The method has had consider- 
able study and use since that time, and 
it appears desirable to have the methods 
adopted as standard. 


* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 
11952 Book of ASTM Standards, Part 4. 
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TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Recommended Practice for 
Laboratory Measurement of Airbourne- 
Sound Transmission Loss of Building 
Floors and Walls (E90 50T)' be 
continued as tentative without revision. 
It is believed that this procedure needs 
further review and use. The procedure is 
being used as the basis for discussion by 
an ASA group, and it appears that it 
should not be established as a full stand- 
ard until the ASA group has finished its 
work, 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


The members of Committee E-6, 
through the various subcommittees, 
have continued in their studies to 
develop and improve present methods 
of testing building constructions. It is 
hoped that this objective will be fur- 
thered by the Symposium on Methods 
of Testing Building Constructions’ that 
will be presented at the 1954 Annual 
Meeting of the Society, under the spon- 
sorship of Committee E-6. In the light 
building construction field, wherein test 

2 The letter ballot vote on these reeommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 

3 Issued as separate publication ASTM STP 
No. 166. 
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methods for evaluating the strength 
properties of wall panels have been 
developed, liaison has been established 
with committees who wish to use such 
methods for evaluating sheet materials, 
in an effort to provide a standardized 
testing procedure that will fulfill both 
objectives. The latest draft of a proposed 
method of test of strength and stiffness 
of prefabricated floor and roof construc- 
tions is being reviewed. Problems of 
heat and water vapor transmission 
through building constrictions are being 
studied first by evaluation of these 
properties for materials through liaison 
work with other committees. Interest in 
small-scale fire test procedures is con- 
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tinuing, and it is hoped the procedure 
developed by Committee E-6 will soon 
be established as a tentative standard. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 51 voting members; 36 mem- 
bers returned their ballots, of whom 34 
have voted affirmatively and 2 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


J. A. Liska, 


Chairman. 
R. A. Biccs, 
Secretary. Res 
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REPORT OF COMMITTEE E-9 
FATIGUE® 


At the February, 1954, meeting, steps 
_ were taken to begin organization of Sub- 
committee V on Aircraft Structural 
Problems. The purpose of the activity 
is to attempt to present aircraft struc- 
tural problems in such a form that the 
experience of Committee E-9, repre- 
senting laboratories of government, 
university, and industrial types, can be 
drawn upon. Problems of spectrum load- 
ing, stress concentration effect, size ef- 
fect, statistical interpretation, and biaxial 
stress are of the general kind now being 
considered by groups having widely 
different interests. It is not intended 
that the details of aircraft design, as 
such, be part of the subcommittee’s 
activity; cooperation with industry com- 
mittees will be maintained through 
certain members common to both groups. 
Subcommittee V will be under the chair- 
manship of P. Kuhn of the National 
Advisory Committee for Aeronautics. 
Selection of personnel is now under way. 

A number of changes have occurred in 
the subcommittees during the past 
year. T. J. Dolan has been appointed 
chairman of Subcommittee I (Research) 
replacing H. F. Moore who wished to 
be relieved of this responsibility. H. J. 
Grover has been appointed chairman of 
Subcommittee III (Survey), replacing 
T. J. Dolan. The personnel of all sub- 
committees has been reviewed and a 
considerable number of new members 
have been added. 


* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 
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The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the folldwing: 

Chairman, R. E. Peterson. 

Secretary, O. J. Horger. 

Subcommittee I on Research (T. J. 
Dolan, chairman).—A questionnaire has 
been sent to determine the chief interests 
and future activity of the subcommittee. 
Subjects discussed at the spring meeting 
were: theories of failure and effect of 
anisotropy, effect of biaxial stress, and 
effect of temperature in the blue brittle 
range. 

Subcommitiee II on Papers (W. T. 
Lankford, chairman).—The following 
papers are scheduled for the 1954 Annual 
Meeting:! 


“Softening of Certain Cold-Worked Metals 
Under the Action of Fatigue Loads,” by N. N. 
Polakowski, Armzen Co., and A. Palchoudhuri, 
The Small Tools Manufacturing Co. of India, 
Ltd. 

“Dynamic Creep and Rupture Properties of 
an Aluminum Alloy Under Axial Static and 
Fatigue Stress,” by F. W. DeMoney and B. J 
Lazan, University of Minnesota. 

“The Influence of Test Temperature and 
Grain Size on the Fatigue Notch Sensitivity of 
Refractaloy-26,” by P. R. Toolin, Westinghouse 
Electric Corp. 

“Experiments in Fatigue Under Ranges of 
Stress in Torsion and Axial Load from Tension 
to Extreme Compression,” by W. N. Findley, 
University of Illinois. 

“Fatigue Strength of 14S-T4 Aluminum 
Alloy Subjected to Biaxial Stresses,” by Robert 
W. Bundy, E. I. du Pont de Nemours & Co., 
Inc., and J. Marin, Pennsylvania State Uni- 
versity. 


1 These papers appear in this volume except 
as noted. 
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“Investigations Concerning the Fatigue of 
Aircraft Structures,” by Robert A. Carl and 
Thomas J. Wegeng, Bureau of Aeronautics. 

“Fatigue Tests Under Progressive Stress, a 
Theory of Fatigue of Metals and a Quick Method 
for Determining the Fatigue Limit,” by No- 
busuke Enomoto, Railway Technical Labora- 
tory, Japan.? 

“A Simplified Statistical Procedure for Ob- 
taining Design-Level Fatigue Curves,” by E. H. 
Schuette, The Dow Chemical Co. 

“An Experimental Study of the Influence of 
Fluctuating Stress Amplitude on Fatigue Life 
of 75S-T6 Aluminum,” by H. T. Corten, G. 
M. Sinclair, and T. J. Dolan, University of 
Illinois. 

“‘Metallographic Aspects of Fatigue Behavior 
of Aluminum,” by M. S. Hunter and W. G. 
Fricke, Jr., Aluminum Company of America. 

“A Failure Criterion for Multi-Axial Fatigue 
Stresses,” by F. B. Stulen and H. N. Cummings, 
Curtiss-Wright Corp. 

“An Appraisal of the Prot Method of Fatigue 
Testing,” by H. T. Corten, Todor Dimoff, and 
T. J. Dolan, University of Illinois. 


A paper entitled “A Fatigue Testing 
Machine for Range of Stress,” by J. P. 
Romualdi, Chiao-Lin Chang, and Charles 
F. Peck, Jr., is scheduled for BULLETIN 
publication.* 


2To be published in Proceedings, Am. Soc. 
Testing Mats., Vol 55 (1955). 


3 ASTM Buttetn, No. 200, September, 1954, 


p. 39 (TP 165). — 
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Subcommitiee III on Survey (H. J. 
Grover, chairman).—There has now been 
published by the Society the 1952 
References on Fatigue (ASTM STP 
No. 9-D) which consists of 48 pages with 
references arranged for clipping to card 
size. 

Subcommittee IV on Large Machines 
and Test Correlation (J. M. Lessells, 
chairman).—A _ discussion was held 
wherein the results of tests made in 
England were analyzed and a general 
presentation on size effect written at 
Battelle Memorial Inst. was reviewed. 
A symposium on this subject is being 
planned for next year. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 44 members; 37 members re- 
turned their ballots, of whom 36 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
‘ _R. E. PETERSON, 
Chairman. 
O. J. Horcer, 
Secretary, 
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The organization of Committee E-10 
on Radioisotopes was prompted by the 
increasing uses of such materials in in- 
dustry. The activity of the first two years 
was devoted to securing a broad repre- 
sentative membership and working out 
the scope and general program of ac- 


tivities. 


A Symposium on Radioactivity—An 
Introduction was held at the Annual 
Meeting in June, 1953, and the interest 
in this meeting prompted the committee 
to arrange for publication of this ma- 
terial. 

The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, G. D. Calkins. 

Vice-Chairman, C. E. Crompton. 

Secretary, C. E. Weber. 

During 1954 Committee E-10 organ- 
ized six technical subcommittees as 
follows: 

* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


1 Issued as separate publication ASTM STP 
No. 159. 


RADIOACTIVE ISOTOPES* 


Vn 

REPORT OF COMMITTEE E-10 
ON +f 


Subcommitiee 1 on Isotopic Applica- 
tions and Methods (E. B. Ashcraft, chair- 
man). 

Subcommitiee 2 on Health and Safety 
(R. C. Stratton, chairman). 

Subcommittee 3 on Radiation Standards 
and Counting Techniques (G. G. Manov, 
chairman). 

Subcommittee 4 on Radioisoiope Gages 
(G. D. Calkins, chairman). 

Subcommittee 5 on Tracer Methodology 
(J. R. White, chairman). 

Subcommittee 6 on Analytical Methods 
(J. L. Kurnz, chairman). 

Other ASTM committees desiring 
representation on Committee E-10 are 
advised to contact the secretary of the 
committee. 


Respectfully submitted on behalf of 
the committee, 


Don M. McCurcueon, 


C. E. WEBER, 


Secretary. 
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ON 


QUALITY CONTROL OF MATERIALS* 


Committee E-11 on Quality Control 
of Materials, through amendment of 
its regulations, has made provision for 
associate membership. This is limited to 
one representative from each ASTM 
technical committee. The function of 
these members is to transmit to Com- 
mittee E-11 problems on the application 
of statistical methods to standardiza- 
tion and to relay back to the technical 
committees information on the activities 
of Committee E-11. 

A Subcommittee on ASTM Problems 
has been appointed under the chairman- 
ship of C. A. Bicking. Associate members 
of Committee E-11 are members of this 
subcommittee. Its function is to review 
and make recommendations on prob- 
lems of general interest involving the 
application of quality control methods 
to ASTM standards. 

Committee E-11 sponsored a Sym- 
posium on the Design of Experiments, at 
ASTM Committee Week. 

A Task Group on Design of Experi- 
ments, under the chairmanship of W. J. 
Youden, has been appointed. Its purpose 
is to prepare material presenting the 
objectives of experimental design and a 
discussion of the basic principles and 
devices employed in design. 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


Note 


Subsequent to the Annual Meeting, Committee E-11 presented to the Society through 
the Administrative Committee on Standards the Tentative Recommended Practice 
for the Probability Sampling of Materials. The recommended practice was accepted by 
the Standards Committee on September 28, 1954, and it appears in the 1954 Supplement 
to Book of ASTM Standards, Parts 3, 4, and 6, bearing the designation E 105 - 54 T. 
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Other active task groups include: 

Sampling Plans (O. P. Beckwith, 
chairman), 

Planning Interlaboratory Test Pro- 
grams (Grant Wernimont, chair- 
man), 

Number of Tests for a Desired Preci- 
sion of an Average (A. G. Scroggie, 
chairman), 

Bulk Sampling (W. E. Deming, 
chairman), 

Smoothing Empirical Data (J. H. 
Curtiss, chairman), and 

Precision and Accuracy (L. E. Simon, 
chairman). 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, H. F. Dodge. 

Vice-Chairman, C. A. Bicking. 

Secretary, O. P. Beckwith. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 21 members; 18 members re- 
turned their ballots, of whom 17 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. F. Dopce, 
Chairman. 
O. P. Beckwirts, 
Secretary. 
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REPORT OF COMMITTEE E-13 j 


ON 


ABSORPTION SPECTROSCOPY* 


Committee E-13 on Absorption Spec- 
troscopy held two meetings during this 
year: one in Chicago on September 11, 
1953, the other in Pittsburgh on March 
6, 1954. The next committee meeting 
will he held in conjunction with the Pitts- 
burgh Conference on Analytical Chem- 
istry and Applied Spectroscopy in 
March, 1955. Several of the subcom- 
mittees plan to meet in Columbus, Ohio, 
in June. 

The election of officers resulted in the 
selection of the following: 

Chairman, E. J. Rosenbaum. 

Vice-Chairman, N. R. Trenner. 

Secretary, R. F. Robey. 

Members-at-Large of Executive Com- 
mittee, L. E. Kuentzel and M. G. Mellon. 

One of the major developments during 
this year was the transfer to ASTM of 
responsibility for the maintenance and 
distribution of the IBM Punch Card In- 
dex System for Infrared Spectra which 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


was developed at the Wyandotte Chem- 
ical Corp. by L. E. Kuentzel. 

The committee accepted codes pro- 
posed by Mr. Kuentzel for ultraviolet 
and visible spectra. The empirical for- 
mula index card developed by Mr. 
Kuentzel and D. H. Anderson was 
adopted as an ASTM form. The ab- 
stracting program for infrared spectra 
was active, and plans were made to start 
an ultraviolet abstracting program. 

Progress was reported by both the 
Nomenclature and Apparatus Specifica- 
tions Subcommittees. The Methods Sub- 
committee is dormant at present, but 
plans were made to direct its activity 
toward cooperation with product com- 
mittees. 


Respectfully submitted on behalf of 
the committee, 


E. J. ROSENBAUM, 
Chairman. 


W. S. Youne, 
Secretary. 
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EDGAR MARBURG LECTURE" 

‘Bee PURPOSE of the Edgar 

Marburg Lecture is to have described at the Annual Meet- 
ings of the American Society for Testing Materials, by lead- 
ers in the’- respective fields, outstanding developments in 
the promotion of knowledge of engineering materials. 
Established as a means of emphasizing the importance of 
promoting knowledge of materials, the Lecture honors and 


perpetuates the memory of Edgar Marburg, first Secretary 
the Society, 
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INTRODUCTION 


This discussion of the interpretation of 
engineering data will be limited to some 
observations from the viewpoint of 
quality engineering. My encouragement 
to do this stems from an introductory 
observation made by Harold L. Maxwell, 
past-President of the American Society 
for Testing Materials, in his article, 
“Chemical Developments and Engineer- 
ing Materials,” published in a recent 
issue of the ASTM Bvuttetin (1).2 Mr. 
Maxwell said: “By the time an individual 
has spent 25 or 30 years in a particular 
line of work, he should have acquired the 
good judgment to limit his speaking to 

‘something he knows about from first- 
hand experience.” 

The field of quality engineering deals, 
among other things, with sampling and 
quality control techniques (2, 3, 4, 5, 6), 
with particular reference to the engineer- 
ing problems of specification, production, 
and inspection. These problems involve 
at every turn the collection, analysis, 
and interpretation of quantitative data. 
Some of the thoughts I hope to leave with 
you are: 

1. Statistical methods and statistical 


1 Presented at the Fifty-seventh Annual 
Meeting of the Society, June 16, 1954, Chicago, 
Il 


2 Quality Results Engineer, Bell Telephone 
Laboratories, Inc., New York, N. Y. 

The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


see p. 637. 7 
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thinking are highly useful in the interpre- _ 


tation of data. 


2. Most groups of engineering data can : 


advantageously be regarded as samples. 

3. In the interpretation of data, the 
human element in the cause system re- 
flected by the data is usually of first 
importance. 

Particular attention will be given to 
applications of some of the simpler sta- 
tistical methods. 


A SAMPLING EXPERIMENT 
Sampling from a Bowl of Chips: 


To give a preliminary idea of some of 
the things to be discussed, I should like 
first to run an experiment. I have here a 
bowl of 200 chips—some red and some 
white—which I should like to have you 
think of as representing a lot of 200 
articles. Let us assume that this article 
is a precision piece part of some type of 
apparatus, such as a telephone trans- 
mitter or a carburetor, and further, let 
us assume we are interested in one par- 
ticular feature—its diameter. The specifi- 
cation says this diameter shall be 0.755 
+ 0.002 in. To determine whether an 
individual part conforms to the specifica- 
tion, we would use an appropriate gage. 
If the part has a diameter that fails to 
meet the specification, it would be con- 
sidered as a “defective” part and would 
be represented by a red chip. And if the 
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+0.002 in. limits, it is a conforming part 
and is represented by a white chip. Thus 
we have in the bow] 200 parts, a certain 
percentage of which are red. With respect 
to this one quality characteristic, di- 
ameter, we have as a measure of quality 
for this lot of parts some per cent defec- 
tive; this percentage, for the moment, is 
unknown. 

I am going to ask someone in the 
audience to act as an inspector for this 
lot of 200 parts. What we want him to 
do is to draw a sample of 10 from the lot, 
note the number of red chips in his sam- 
ple, and from this result state what he 
considers to be the per cent defective in 
the entire lot. Since we want a fair sam- 
ple, we shall ask him to stir the chips 
thoroughly, to avoid peeking, and to 
draw one chip at a time, until he has 10. 
(This is done. The sample of 10 shows 1 
red chip and 9 white chips; the lot quality 
is judged to be “10 per cent defective.” 
The sample is returned to the bow]; four 
other members of the audience repeat 
the experiment, and obtain respectively 
0, 3, 1, 2 red chips.) 

From these varying results, the ques- 
tion arises: Which of the samples is 
right? What we get appears to be a 
matter of chance.‘ In the practical case, 
the inspector would take his one sample 
from the lot, note the results of gaging 
the ten parts, and then take whatever 
action was appropriate. Here we have 
had several inspectors, each taking a 
sample. As far as we know, all of the 
samples were properly drawn. The results 
do not agree, hence one thing is clear: 
the sample quality (in per cent defective) 
is not necessarily the same as the lot 
quality. 

This experiment, which will shortly be 


‘Aristotle (it has been said) invented 
Thance to cover the astonishing fact that there 
were certain phenomena for which he found 
himself wholly unable to account.”—Sir Arthur 
Quiller-Couch, “On the Art of Writing,” G. P. 
Putnam’s Sons, New York, N. Y., p. 154 (1943). 
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carried further, will indicate some of the 
ways in which a knowledge of the nature 
of chance variations may be of assistance 


Per cent 


of ° 
Samples Samples 


501 5 
40 5 4 1 
304 3 = 
104 
2 3 5 
Number of Defectives 
© 10 20 30 40 50 60 


Per cent Defective 


Fic. 1.—Results of Experiment—Ten Sam- 
ples of 10. 


TABLE I.—OBSERVED RESULTS OF 


EXPERIMENT. 
| 

| 1 

0 


in planning inspection and testing work, 
and in interpreting data obtained in the 
laboratory or in the manufacturing plant. 
The emphasis will be on sampling. 

In the bowl experiment, to avoid the 
errors of sampling, we could of course 
look at all of the chips to determine what 
is the per cent defective. The result would 
be exact, provided there were no error of 
count. Again, with respect to the lot of 
200 parts, we could gage all of the parts 
in our attempt to determine the per cent 
defective for diameter quality. But the 
measurement operation—gaging the in- 
dividual part—is more prone to error 
than is the operation of noting whether 
a chip is red or white. Different operators 
might handle the gage differently and 
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might not agree exactly on how many of 
the product units fail to meet specifica- 
tion. Thus, even 100 per cent inspection 
is not perfect, due to errors of measure- 
ment, fatigue, and other human factors. 

But, as a matter of fact, sampling is 
often a necessity. In the first place, 100 
per cent inspection may be quite im- 
practical—when it is destructive, for 
example. This would be so with respect 
to breaking strength of bolts, blowing 
time of fuses, or velocity tests of ammuni- 
tion. In the second place, 100 per cent 
inspection may be impossible—sampling 


TABLE II.—THEORETICALLY EX- 
PECTED RESULTS OF EXPERIMENT 
FOR p = 0.17 AND SAMPLE n = 10. 


Number of Defectives Per cent of Samples 
15.5 
31.8 
29.3 
16.0 
0.3 
0.0 

100.0 


alone is possible for such things as the 
chemical composition of steel, the shrink- 
age of cloth, and the physical properties 
of a material such as strength, elongation, 
or grain size. And in the third place, 100 
per cent inspection is sometimes just 
uneconomical, as it is for noncritical 
dimensions of metal parts which, at least 
within limits, can often be sorted out 
most effectively in subsequent assembly 
operations. 

But as we have seen, sampling has its 
problems. When we sample, we run up 
against errors of sampling that are sub- 
ject to the laws of chance. Let us get five 
more samples of 10 from our bow! of 200 
chips and then examine the results. (Five 
additional samples of 10 show, respec- 
tively, 2, 1, 5, 1, and 3 red chips.) The 
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information from the ten samples of 10 
are summarized in Table I and plotted in 
Fig. 1. This shows variations in results 
from 0 to 5 defects in a sample—that is, 
a range from 0 to 50 per cent defective 
is indicated. Did someone do something : 
wrong? Is it reasonable to expect such a 
wide range in values? If so, how could 
the sampling error be reduced? 

To answer these questions, we must 
ask, “What would we expect to get in 
samples of 10 in a case like this?” Actu- 
ally, the bowl contained 34 red chips, so — 
that the lot quality, expressed as a frac- 


Percent Number  !7 percent 
° ° Defective 
Samples Samples 

6 1 1 1 T 

501 5 

30, 3 

20} 2 

10- + + + 

ie) 6 


Number of Defectives 
© 10 20 30 40 50 60 
Percent Defective 


Fic. 2.—Comparing Observed Results(Dots) _ 
with Expected Results (Histogram). 


tion defective, was p = 34/200 = 0.17, 
or 17 per cent defective. Knowing this : 


fact, mathematics can tell us just what 
we should expect in random samples of © 
10 drawn from 17 per cent defective © 
product. Since the sample size (n = 10) 
is such a small percentage (5 per cent) of | 
the lot size (V = 200), we can use the 
formula for sampling from an “unlimited e 
universe.’ Thus, the probability of find- 
ing m defectives in a random sample of n : 
units drawn from an unlimited universe — 
having a fraction defective, p, is given 
by the (m + 1)th term of the expansion — 

5 See reference (3), p. 206, or reference (7), p. 
44. If n/N is small—0.05 or less, let us say—the __ 
lot size can for most practical purposes be con- 7 


sidered “unlimited” (infinite), which permits 
ignoring lot size in calculations. 


of the binomial, (gq + )®, that is: 


where: 

q 


, and 
(n — m)\m! 
n! is “factorial nm,” which is given by 

n! = (n)(m — 1)(m — 2) -- + (3)(2)(1). 
Carrying out this calculation for all 
values of m, we have the tabulation of 
Table II. The results have also been 
plotted as a step diagram or histogram in 
Fig. 2. 

How can we interpret this table and 
figure? What they say is this: If we re- 
peat this experiment over and over and 
over again, taking a very large number 
of random samples of 10 from some 17 
per cent defective product, we could ex- 
pect about 15.5 per cent of the samples 
to show no defects, about 32 per cent of 
the samples to show one defect, and so 
on. This gives the basic notion of prob- 
ability as we will use it in our discussions 
—namely, relative frequency of occur- 
rence. Two statements run parallel: 

1. In a large number of random sam- 
ples of 10 drawn from quality » = 0.17, 
we may expect 15.5 per cent of them to 
show no defects. 

2. In a random sample of 10 drawn 
from quality » = 0.17, the probability 
is 0.155 that we will find no defects. 

Whenever we draw a sample, we con- 
sider it as just one of the unlimited 
number of like samples that could have 
been drawn—that is, conceptually it is a 
random member of an infinite population 
of like samples. If many such samples 
were in fact taken, then we would expect 
in the long run that 15.5 per cent of them 
would show no defects. Therefore, the 
chances are 15.5 in 100, or stated another 
way, the probability is 0.155, that a 
single random sample, the one we are 
about to take, will show no defects. 

a In our experiment, in which we re- 


peated the sampling operation ten times, 
we went only part way toward the the- 
oretically infinite number of trials. For 
this reason our dot diagram deviates to 
some extent from the theoretical histo- 
gram. Were we to repeat the experiment 
1000 times, we would expect to get values 
of observed per cent of samples (dots) 
much closer to the theoretical values than 
when repeating only ten times. 

The histogram of Fig. 2 can be re- 
garded as the sampling distribution of 


Probobility 
(for n= 100) 


p=!7 per cent 
0.11 
] +95 


0.10 
009+ 
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0.074 Probability 
(for n=10) 
0.064 O60 vA 
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Distributions 


A 
Sompling 

n=100 


H 

2 3 5 
Number of Defectives 

© © 2 30 40 50 60 
Percent Defective 


Fic. pen g Sampling Distributions 
for Samples of 10 and Samples of 100. 


values of p to be expected in samples of 
10 drawn from material of quality p = 
0.17. It shows at a glance how wide a 
variation can be expected in sample 
results for samples of size m = 10. To 
narrow down the variation, a larger 
sample is needed. In fact, the range of 
variation is inversely proportional to the 
square root of the sample size m (still 
assuming a small ratio, n/N, of sample 
size to lot size). It is interesting to note 
how well we came out with the cumula- 
tive results for the ten samples of 10, as 
though this were a sample of 100. We 
found a total of 19 defects in our ten 
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samples of 10, or an indicated 19 per cent 
as compared with the true value of 17 
per cent defective, a relatively small 
sampling error. In Fig. 3 is shown the 
sampling distribution of results for sam- 
ples® of 100, and it is seen that the range 
of variation is only about one third as 
great as for samples of 10. 

In all of this discussion, we have made 
an assumption that cannot always be 
made lightly, namely, that the measure- 
ment operation was without error. We 
presumed that we were using go and not- 
go gages to determine whether the indi- 
vidual piece parts in our samples of 10 
met the specification limits. Individual 
inspectors’ handling of the gages, the 
failure to maintain gages in the face of 
wear, burrs, and other factors can of 
course give biased results, whereby the 
results of one inspector may be different 
from those obtained by others. Thus, 
errors due to the measurement operation 
may be present in addition to the errors 
of sampling—something that always 
requires consideration by the engineer. 


Conclusions from Sampling Experiment: 


From this experiment we are able to 
draw certain conclusions that are of 
general interest wherever we have the 
problem of interpreting a given set of 
inspection or experimental data: 

1. The sample we draw in the inspec- 
tion of a lot or from a production line is 
normally just one of an unlimited number 
of possible samples. 


6 The distribution curve for n = 100 in Fig. 3 
shows the scatter to be expected for cumulative 
samples (ten samples of 10) obtained in the 
particular manner of the experiment, or for 
samples of 100 taken without replacement from 
a much larger lot, so as to have a small ratio, 
n/N, of sample size to lot size. Samples of 100 
taken without replacement from a lot of 200 
would have a narrower spread; the standard 
error of observed values of p for sampling from a 
finite universe is gp = +/p(1 — p)/n V1 — n/N 
where N is the lot size. Only when n/N is small 
can the second factor be ignored. 
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2. If the material sampled is mixed, 
or if the sample is drawn by a random 
operation, then one sample is just as good 
as another. It is a matter of chance which 
particular one we get. 

3. The sample quality is not neces- 
sarily the same as the lot quality. It was 
impossible in this experiment. The lot 
was 17 per cent defective, and the sample 
quality could be only one of the discrete 
values—0, 10, 20, 30 per cent, etc. 

4. Other things being equal and as- 
suming an unbiased measurement opera- 
tion, the larger the number of units in the 
sample, the smaller will be the expected 
sampling error. 

5. In inspection work, it is not usually 
the purpose to obtain an estimate of the 
lot quality, but rather to provide results 
that can be used as a basis for action—to 
accept or to reject the lot. 


QUALITY AS A FREQUENCY DISTRIBUTION 
Two General Methods of Measuring Qual- 


ity: 

In the experiment just performed, each 
unit of product was measured by the 
“method of attributes’—that is, each 
unit was examined to determine whether 
it did or did not possess the attribute of 
conformance to a specified requirement. — 
For this method of measurement, the — 
statistical measure of the quality of a 
group of things is the fraction defective, 


Now let us consider a second and per- 
haps more informative method, namely, 
measurement by the “method of vari- — 
ables.” This consists in measuring and 
recording the numerical magnitude of a 
given variable characteristic for each of — 
the items, objects, or individuals in the - 
group under consideration. For this — 
method, there are at least two statistical 
measures of the quality of a group of © 
things—some measure of average, such 


as the arithmetic mean, X, and some 
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measure of spread, such as the standard 
deviation, 


Frequency Distributions: 


For measurable characteristics, any 
discussion of quality must deal with 
variability. Physical and chemical prop- 
erties of a material vary from spot to 


Galvanized Wire- 
Uniformity of Coating 
30r (Preece Test) 
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mentally a frequency distribution, not a 
single fixed value. Examples are indi- 
cated in Fig. 4, where the heights of the 
ordinates represent the frequency of oc- 
currence of values of the measured char- 
acteristic for single units or test speci- 
mens. 

Let us take, for example, the breaking 
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spot. The quality of a finished product 
varies from unit to unit. Thus, when 
dealing with a quality characteristic of a 
material or a product, we must deal with 
variations from test specimen to test 
specimen, from article to article, and 
hence from observation to observation. 
The quality of any collection of product 
in respect to any measurable characteris- 
tic, such as tensile strength of steel wire 
strand, diameter of shafts, or the trans- 
conductance of electron tubes, is funda- 


Rockwell "C" Reading 


Fic. 4.—Typical Frequency Distributions for Individual Quality Characteristics. The first two ex- 
amples are from reference (8); the third example is from reference (9). 


strength of 3-in. machine bolts. In pre- 
paring to manufacture this type of bolt, 
the manufacturer sets up a production 
process that involves materials, ma- 
chines, and men. This process encom- 
passes a more or less complex system of 
causes of variation, each element of 
which contributes to variations in the 
breaking strength of the individual bolts 
in the finished product. Prominent 
among the causes of such variations are 
the variations in the carbon content of 
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= 
the steel, in the impurities such as sulfur 
and phosphorus, in the homogeneity of 
structure from point to point within the 
material, in the conditions of heat treat- 
ment, in the diameter of the rod stock, 
and in the conditions relating to the 
forming or machining processes. 

Each of these causes, considered inde- 
pendently, contributes a share to the 
variations of the finished product, and. 
regardless of how refined the production 
technique may be, there will be a scat- 
tering of values of breaking strength 
around some central value. If each of 
these causes of variation continues to 
have the same probability of contribut- 
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ing a given effect, then the breaking 
strength of the product may be said to 
be in a “state of statistical control” as 
defined by Shewhart (2, 10), and the 
cumulative effect of all the causes can 
be represented by a frequency distribu- 
tion, such as that shown in Fig. 5. This 
distribution can be regarded as a statisti- 
cal representation of the production proc- 
ess, in respect to breaking strength. It 
has some definite average or arithmetic 
mean, X’ (= 13,500 lb), and some 
definite spread as measured by the 
standard deviation, o’ (= 950 Ib). For 
any band of values, from 12,500 to 13,000 
lb, let us say, there will be a specific 
value of probability (p’ = 0.15) numeri- 
cally equal to the ratio of the area under 
the curve within this range to the total 
area under the curve. This may be 
thought of as the probability of produc- 
y 
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ing a bolt having a breaking strength in 
this band or, perhaps more easily, as the 
expected proportion (relative frequency) 
of the total bolts that will lie within this 
band for the production process under 
consideration. Any change introduced 
into the process that affects one of the 
major causes of variability, such as the 
carbon content or the diameter of rod 
stock, will be reflected by an increase or 
a decrease in the average value of this 
distribution, by a widening or narrowing 
of its spread, or by both, and as a conse- 
quence there will be an attendant change 
in the value of probability associated 
with any band, such as the value p’ = 
0.15 for the band 12,500 to 13,000 lb. 
This concept of a state of statistical 


T T 


o vw 2 6 
Fic. 6.—Sample of 4 from the Distribution 
of Fig. 5. 


control might at first glance appear over- 
rigorous, for it may well be argued that 
it is practically impossible to maintain 
such a high degree of constancy in the 
entire Stream of product turned out by | 
any industrial process. But we hold this 
concept as a simple ideal, and use a 
mathematical model based upon it. First, 
we use the notion of a frequency distribu- 
tion, defined by one or more parameters, 
as existing at any given time. Second, we 
use the concept of an unchanging distri- 
bution symbolizing a constant system of 
chance causes, and set up certain criteria, © 
as with the Shewhart control chart (2), 
such that (a) if the criteria are met, we 
may with confidence make decisions that 
are founded on the assumption that the 
distribution is unchanging, and (6) if 
the criteria are not met, we may take 
this as an indication of the presence of a — 
findable, or what Shewhart calls an 


> 


“assignable,” cause of variation (2). 
Thus, in the factory or in the laboratory, 
when we have a set of observations taken 
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Fic. 7.—Results of Repeated Sampling from 
the Distribution of Fig. 5. 
(a) Fifteen random samples of 4 from the parent dis- 
tribution. 
(6) Distribution of 20 observations—first five samples 
(c) Distribution of 20 observations—second five samples 


of 4. 
Mo Distribution of 60 observations—all fifteen samples 
of 4. 


under essentially the same conditions, 
we may take these as indicative of the 
underlying distribution of possible ob- 
servations at the time and for the con- 
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ditions under which the data were ob- 
tained. Or again, if we have a series of 
samples, each comprising a set of ob- 
servations and separately judged to be 
obtained under essentially the same 
conditions, we can discover something 
about the behavior of the underlying 
process, whether it may appropriately 
be symbolized by an unchanging distri- 
bution or by a distribution that is subject 
to changes due to physical causes that 
can be found and eliminated. 


Sampling Variations: 


Let us suppose that on a particular oc- 
casion a sample of 4 bolts was to be 
selected at random from the process 
symbolized by the distribution of Fig. 5. 
The results of testing the 4 bolts in the 
sample might appear as the four observa- 
tions indicated in Fig. 6. These four 
values would be trying as best they could 
to portray the underlying distribution 
shown by the dotted curve. Obviously, 
they cannot do this very well. Suppose 
fourteen additional samples of 4 were 
taken at random from the same uni- 
verse; the results might appear as 
shown in Fig. 7(a). Here we see con- 
siderable variation from sample to 
sample; no two samples seem exactly 
alike. Were we to take the total results 
for the first five samples of 4, the equiva- 
lent of taking a random sample of 20 
from the universe, and group the ob- 
servations into cells of 500-lb width, we 
would get the “observed” frequency dis- 
tribution shown in Fig. 7(b). This is 
more like the underlying distribution but 
is not very precise. If another sample 
of 20 were taken—by collecting together 
the observations for the second five 
samples of 4—the result might be as 
shown in Fig. 7(c). This distribution for 
the second group of 20 observations 
differs from the first group, as is to be 
expected. Once again, if we were to group 
together all of the 60 observations for 
the fifteen samples of 4, the equivalent 
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of a random sample of 60, the result 
would be as shown in Fig. 7(d). Note 
how this compares with the theoretical 
frequency histogram (columns erected on 
the cells of 500-lb width) and the dotted 
frequency curve. Even this result is not 
exact. And in any case, even under the 
ideal conditions here assumed, where the 
underlying distribution is really un- 
changing, we can never know exactly 
what the distribution is; we can only 
approximate it. For these ideal condi- 
tions, we can, however, approximate it 
closer and closer as the sample size is 
increased more and more. We can pre- 
dict within limits, on a probability basis, 
just how the observed distributions for 
lots of 1000 bolts, for samples of 100 
bolts, or for samples of 10 bolts, may be 
expected to differ from this true distri- 
bution curve. 

To do this we ordinarily find it con- 
venient to express any set of m observed 
values: 
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Xi, X2,Xs, soe Xo 


in terms of simple statistics of these 
values, such as the arithmetic mean, 


sum of observed values 2X. 
number of observed values n’ 


the standard deviation (root mean square 
deviation of individual values around 
their X), 


sum of (observed value 
— arithmetic mean)? for all 
observed values 


number of observed values 


— 


and the fraction, p, of the total number 
of observations that fall inside (or out- 
side) any stated values of breaking 
strength. When samples are small, » 
= 15 or less, the range, R (algebraic dif- 
ference between the largest value and the 
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smallest value in the sample), is often 


used as a measure of spread instead of _ 


the standard deviation, c. 
For successive samples, the observed 
values of X, o, and p will fluctuate © 


around the true or objective values X’, 


o’, and p’ of the frequency distribution — 


representing the production cause sys- _ 


tem. Figure 8 indicates, for example, the 
band within which we may expect “‘prac- 
tically all” of the observed values of 
these statistics to fall, under these con- 
trolled conditions. The limits of this 
band are the so-called “3-sigma limits” of — 
variation, which for a normal distribu- 
tion include 99.7 per cent of the values. 


These limits are determined 


following formulas: 


V2n 


Limits for p = p’ + 3 fe 
n 


Limits for ¢ = G0’ + 3 (approx.) 


where ¢2 is a constant (4, p. 63) dependent : 


on sample size: 


0.798 
0.841 
0.923 
0.962 


It will be seen that the range of varia- _ 


tion of X, o, and p is relatively small 
for large sample sizes; the range ac- 
tually decreases inversely as the square 
root of the sample size. This gives the 


easy-to-remember rule: To cut the sam- © 


pling error in half, take a sample four _ 


times as large. 
Suppose that as a result of some manu- 


facturing irregularity the system of 


causes in the production process were 
such as to give the objective distribution 
indicated in Fig. 9, in which 5 per cent of - 
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UNIVERSE 


the bolts may be expected to havea break- 
ing strength of less than the specified min- 
imum value of 10,000 lb. Then the range 
of scattering of observed values of per 
cent defective (per cent of bolts having 
strength less than 10,000 Ib) around the 
5 per cent level would be dependent on 
the sample size in the manner shown. 
For example, if a sample of 180 bolts 
were tested, the results might show from 
0 to 10 per cent of them with breaking 
strength below 10,000 lb, even though 
5 per cent of the universe were actually 
below this value. 

Some knowledge of the variations to 
be expected in sample results is essential 
to meaningful interpretation of the data 
that are dealt with in engineering prob- 
lems. 


SAMPLE AND 
Sample Results in Practice: aks 


The charts of Figs. 8 and 9 indicate 
what may be expected under theoreti- 
cally ideal conditions—sampling from a 
universe whose distribution is known 
exactly. The use of probability theory 
under such conditions involves reasoning 
from the general to the particular, that 
is, from a known universe to unknown 
samples. 

In the practical case, we never know 
exactly what the universe is. Instead, we 
must use inductive reasoning—the proc- 
ess of inferring the general from the par- 
ticular. The sample results are given— 
what can we conclude regarding the uni- 
verse whence the sample came? 

Let us suppose that it is desired to find 
out something about the average break- 
ing strength for a lot of several hundred 
bolts made during a production run. 
Since the test is destructive, only a 
limited number can be tested. If this is 
an isolated lot, rather than one of a series 
of lots made under like conditions, we are 
forced to judge the quality of the entire 
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lot of bolts from the results of testing 
only a few. Suppose that ten bolts are 
selected “at random” from the lot and 
tested by standard method of test, giv- 
ing the following ten observed values of 
strength, in thousands of pounds: 12.6, 
13.0, 13.8, 12.4, 13.4, 13.2, 12.9, 12.7, 
12.2, 14.3. Is the average strength of 
this group of 10 bolts—13,050 Ib—the 
same as the average of the lot? Probably 
not. This particular group of 10 bolts is 
only one of a very large number of such 
groups of 10 that we might conceivably 
draw at random from the: lot. Just as 
with our sampling of metal parts by the 
method of attributes described above, 
the results of a second sample of 10 would 
probably not be the same as the results 
for the first sample of 10, nor the same 
as the average of the lot. The engineer is 
constantly faced with the problem of 
drawing conclusions regarding the whole, 
or of deciding what action should be 
taken on the whole, when he has measured 
only a part. Such conclusions and deci- 
sions are subject to error because of the 
uncertainty that attends incomplete in- 
formation. 


Limited and Unlimited Universes: 


In this particular case, the group of 
10 bolts is considered as a sample, and 
the entire lot of several hundred bolts 
from which the sample bolts were 
selected is considered as a “population” 
or “universe.” Here, where the question 
asked relates to the average strength of 
the lot, the universe is restricted to the 
finite number of bolts in the lot under 
consideration, and may accordingly be 
thought of as a limiled universe. But 
there is another way to look at this self- 
same sample. Were the sample of bolts 
to be regarded as a sample from the pro- 
duction process for the purpose of draw- 
ing some conclusion regarding the system 
of causes that affected the breaking 
strength at the particular time this lot 


| 
| 


was produced, then the universe under 
consideration would be the hypotheti- 
cal infinite number of bolts that the 
process might conceivably turn out under 
the same essential conditions, and as 
such would be regarded as an infinite or 
unlimited universe. 

Depending on what the problem is, 
: what type of conclusions are to be drawn, 


or what type of action is contemplated, 
a sample may be regarded either as a 
sample from a limited universe (to pro- 

_ vide information or a basis for action 
_ regarding the finite quantity at hand), or 


LIMITED UNLIMI 
UNIVERSE UNIVERSE 


Fic. 10.—Two Purposes of Sampling: To Dis- 
_ cover Something About a Lot or to Discover 
_ Something About a Process. 


as a sample from an unlimited universe 
(to provide information or a basis for 
action regarding the production process 
or system of causes) (see Fig. 10). 
This is a very important distinction 
and has a direct bearing on the problems 
of collection and interpretation of most 
engineering data. Let us assume, for ex- 
- ample, in a research project, interest 
centers on the physical properties of a 
new type of material being developed in 
the laboratory. A batch of the new ma- 
terial has just been made up, and it is 
planned to take a sample of several speci- 
mens from the batch and to make cer- 
tain standard tests on them. The purpose 
for making such tests might fall into 
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either one of the two general categories 
mentioned above, and the manner of col- 
lecting and interpreting the experi- 
perimental data would depend on the 
specific purpose under consideration. 
Thus, on the one hand, the questions 
to be answered might be: Shall I use 
this batch for making up certain experi- 
mental electronic parts? Are the phys- 
ical properties right for this purpose? 
Here the test data would be used to pro- 
vide an estimate, within suitable limits, 
of the quality of the particular batch of 
material (limited universe) at hand. On 
the other hand, the question to be 
answered might be: When making this 
batch, were the time and temperature 
constants of my process correct; or should 
I modify them and make another batch 
to get the physical properties that are 
closer to what I expected? Here the test 
data would be used to provide informa- ° 
tion regarding the process (unlimited 
universe), say the appropriateness of 
certain chosen processing factors. In this 
case, the test data for the current batch 
might advantageously be compared with 
the test data for earlier batches made 
under the same or different known 
process conditions. 

With respect to inspection and testing 
work in the factory, these same two dis- 
tinct purposes are recognized, as stated 
in American War Standard Z1.3 ©): 


“PURPOSE A. To provide a basis for 
action with regard to the product already at 
hand; as for instance, to decide whether the 
particular article or lot of product at hand 
should be allowed to go out, or some alter- 
native disposition made (inspected further, 
sorted, repaired, reworked, scrapped, etc.). 

“PURPOSE B. To provide a basis for 
action with regard to the production process, 
with a view to future product; as for in- 
stance, to decide whether the process should 
be left alone, or action taken to find and 


eliminate disturbing causes.” 
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Routine lot-by-lot acceptance sam- 
pling plans are often used primarily with 
the first purpose in mind, although the 
inspection results can usually be used 
collectively for the second purpose. Con- 
trol chart procedures and other statistical 
techniques employed in conjunction with 
designed experiments are commonly used 
for the second purpose. 

In other fields, too, this distinction 
of purpose in a problem is important. 
Deming points this out in his paper, “On 
the Distinction Between Enumerative 
and Analytic Surveys’ (12), where the 
word “enumerative” has reference to a 
finite quantity (limited universe) and 
“analytic” to a cause system or produc- 
tion process (unlimited universe). He 
mentions, for example, a marketing sur- 
vey to provide an estimate of the num- 
ber of people who prefer to use ground 
coffee at home rather than soluble 
coffee. An enumerative question would 
be: How many prefer to use ground 
coffee, and how many prefer soluble? An 
analytic question would be: Why does a 
larger proportion (or smaller proportion) 
prefer to use ground coffee? The latter in- 
quires into reasons, into systems of 
causes. 

Deming continues: 


“In the enumerative problem some action 
is to be taken because the frequency of some 
particular characteristic of the universe is 
found to exceed some critical value. The crop 
of wheat, according to a sample survey, 
turns out to be large or small. As a conse- 
quence the market goes down or up, and 
production of meat, cereal products, and of 
substitutes shifts one way or another because 
of this information. The census or perhaps a 
sample study of birth registration shows that 
in a particular city the number of children 
in the primary schools will be much greater 
in four years than now, Bonds are issued; 
work commences on a new school building. 
Such problems are enumerative because they 
depend purely on an enumeration of the 
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number of people in an area or the inventory — 
of grain or the production of grain... They 
do not involve the analytic question of why 
all these people are there or why the crop 
this year is what it is. 

“In the analytic problem the action is — 
directed at the underlying causes. We may — 
run an experiment with a group of test ani- — 
mals or with patients in the hospital, but — 
when we generalize from these tests, we are — 
thinking of the production process: what — 
will it produce in the future? The present 
tests are important only because they help — 
us to prescribe or to modify the treatment _ 
for future use.” 


Something About the Behavior of a Process. : 


So in our engineering problems, in re- _ 

search and development, in production, ; 

and in inspection activities we do well to 

keep clearly in mind the two basic pur- 

poses for collecting data and the corre- 

sponding two basic attitudes in inter- 

pretation. 
Let us suppose the set of observations 

at hand was one of a series of such — 

obtained successively from a continuing 

manufacturing process, or during the 

course of a continuing experiment in the 

laboratory (see Fig. 11). Here the order 

of the data becomes important. The 

results for the whole series of samples 

can be used to draw conclusions regard- 

ing the en behavior of the under- 


Repetition Sampling—Quality Control: 
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lying process—whether it is stable or is 
changing as time goes on. 

Certain statistical techniques, notably 
the Shewhart control chart (2), are par- 
ticularly applicable to such situations 
and make use of the important informa- 
tion contained in the order in which the 
data are taken. If there is lack of sta- 
bility, control charts give clues to the 
causes and thus facilitate their elimina- 
tion. 

This is a basic purpose of Shewhart’s 
“operation of statistical control” (10): to 
take repeated samples from a process; 
to take action when control criteria are 
not met by investigating, finding, and 
eliminating causes; to repeat this process 
over.and over again, in order finally to 
have a constant system of chance 
causes and resultant quality that is con- 
sistently uniform, so that one may with 
confidence predict what quality will be 
obtained tomorrow from the uniformities 
of the past. The operation of statistical 
control is primarily a procedure for 
hunting, finding, and eliminating assign- 
able causes. 

Shakespeare seems to have provided 
the basic philosophy in Hamlet, Act II, 
Scene 2: 


“Find out the cause of this effect, 
Or rather say the cause of this defect, 
For this effect defective comes by cause.” 


More specifically, there are two basic 
and alternate interpretations of the 
plottings on a control chart that should 
be kept in mind: 

(a) If the chart gives an indication of 
lack of control: Take action, seek out, 
and eliminate the cause. 

But equally important: 

(b) If the chart gives no indication of 
lack of control: Leave the cause system 
(the process) alone! 

This duality is surprisingly well 
brought out in the teachings of Mother 
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Goose, in the 1916 Rand McNally edi- 
tion of The Real Mother Goose: ie 


“For every evil under the sun, 
There is a remedy or there is none. 
If there be one, seek till you find it. 
If there be none, never mind it.” 


Statistically controlled quality is one 
of the ideals of quality engineering. Once 
it has been attained by the control chart 
technique (Shewhart’s “operation of 
statistical control”), we have a stable 
statistical universe. Stability of this 
kind makes it possible to predict on a 
probability basis what can be expected 
tomorrow. Briefly, it makes valid pre- 
diction possible. 

Shewhart explains (14) that the “theory 
of statistical control” is concerned with 
the development of “‘a scientific method 
of making the most efficient use of raw 
materials in the production of things to 
satisfy human wants; a scientific method 
that takes into account the fact that 
inferences can only be probable; a 
method that will help us to obtain maxi- 
mum validity in the field of prediction 
and that will provide a rational routine 
for minimizing variability in the repeti- 
tive act of production through the de- 
tection and removal of assignable causes 
of variation.” In referring to the con- 
tributions of statistical control (14), he 
lists six ways in which the advantages 
are most felt: 


“1, Reduce the amount of inspection; 

2. Minimize the number of rejections 
and hence the quantity of scrap; 

3. Maximize quality assurance; 

4. Increase output of goods of standard 
quality; 

5. Increase employee satisfaction; and 

6. Minimize tolerance ranges.” 


On the Inclusiveness of the Universe: 


Up to this point the term “sample” has 
been used in the sense of a sample of 
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physical articles or things from a larger 
collection, real or hypothetical. The 
term “sample” is also used in statistical 
work in the more inclusive sense of a 
sample of observations. In fact, in most 
types of engineering work it is profitable 
to consider any set of observations ob- 
tained in production, or experimentally 
in the laboratory, from the second of the 
two points of view mentioned above 
under Limited and Unlimited Universes, 
namely, as a sample from a hypothetical 
unlimited universe of possible observa- 
tions, with a view to discovering some- 
thing about the underlying causes that 
gave rise to the data at hand 

Note that each observed value—the 
measured breaking strength of a machine 
bolt, for example—is rarely if ever 
exactly equal to the true value of 
breaking strength; errors in the measure- 
ment operation are involved. The ob- 
served values of breaking strength for a 
sample of machine bolts thus depend not 
only on the physical quality of the 
sample bolts themselves as contributed 
by the production process, but also on 
the following: 


(a) On errors attributable to the par- I 


ticular testing machine used, whether it 
be in calibration or not; 

(b) On the actual physical conditions 
of test, differing perhaps in some degree 
from those specified, and perhaps sub- 
ject to drift or change during the course 
of the tests; and 

(c) On the observer himself, his skill or 
lack of skill, experience or lack of ex- 
perience, which introduce personal errors 
or variations in his method of conducting 
a test, in his method of reading the scale, 
and perhaps even in his act of recording 
the test results. 

Thus the system of causes represented 
by the statistical data at hand includes 
all of the many factors of variation in 
both the production process and the 
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measurement process. When we consider 
that an actual physical sample is only 
one of a large number of possible samples, 
we see that the actual sample of obser- 
vations is, in fact, a sample of a hypo- 
thetical universe of observations ob- 
tainable under the same conditions with 
respect to: 

(a) The production process, including 
(1) the particular raw materials 

used, 

_ (2) the production machines used, 
: (3) the conditions of manufacture 


ture, etc.), 
(4) the skill and workmanship of 
production personnel; 
(b) the method of selecting 
sample; and 


(c) the measurement process, includ- — 


ing 


(1) the procedural method used, | 


(2) the measuring device or equip- 
ment used, 
(3) the conditions of test, and 


_ the observer who conducted 
the 


the tests and made 
measurements. 

Practically every set of engineering 
data is the end product of a wide variety 
of causes, encompassing materials, ma- 
chines, and men. A basic change in any 
one of the many factors can constitute 
setting up a different statistical universe 
of possible observations. The causes we 
seek may be in the process, or they may 
be in the measurement operation. 

In interpreting the results of a sample 
of measurements from some kind of repet- 
itive experiment or process, conclusions 
may be expected to be meaningful if the 
many conditions affecting the measured 
characteristic under study remain es- 
sentially the same. In this circumstance 
there is a universe, and from our data we 
may properly infer something about the 


quality of that universe, conceived of as 


(processing time, tempera- — 


the 
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Fic, 12.—Some Problems Involving the Use of Statistical Methods. 


stable and hence discoverable, were we 
to carry out further sample tests of the 
same kind. 

But having drawn certain conclusions 
from an experiment made under one set of 
conditions does not permit us to draw 
conclusions for another set of conditions. 


_ As expressed by D. J. Finney (15): 


“A standard error calculated from the 
internal evidence of one experiment relates 
only to repetition under the same conditions, 
using either the same subjects and materials 
or others that can be regarded as random 
samples from the same population as were 
those in the original experiment.” 


INTERPRETATION OF DATA 
Engineering Problems: 


Many engineering problems fall into 
a number of specific categories with 


* 
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LACK OF WHICH? 


CONTROL 


respect to the interpretation of data, as 
indicated in Fig. 12. 


(a) A common problem is one of dis- 
covery regarding a distribution. What is 
the true average value, X’; what is the 
true standard deviation, o’; what is the 
general shape of the distribution, for the 
product or the process? These questions 
might be raised with respect to such 
characteristics as the tensile strength of 
a wrought copper-base alloy, the cor- 
rosion resistance of a protective coating, 
the cleavage tests of an adhesive. 


(b) Again, the question might be: 
What is the expected percentage of the 
product above a stated maximum limit 
—for elongation, for example? Or (as 
indicated by the bar in Fig. 12(6)) what 
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is the expected percentage of product 
that will fail to meet some attributes 
test, a specified bend test, let us say? 

(c) In comparing two products, or the 
effect of two treatments, the question 
might be: Is treatment A better than 
treatment B, or is product A better than 
product B? And if A is better than B, 
how much better is it? And with what 
degree of confidence may I conclude that 
A is x units better than B? 

(d) Often we are concerned with the 
relative variability of two products, two 
methods, two procedures. The question 
might then be: Is the precision of test 


NUMERICAL 
DATA 


QUALITATIVE 
INFORMATION 


method A better than that of test method 
B? If it is better, is it enough better to 
warrant its substantially greater cost? 

(e) In production engineering, this 
question repeatedly comes up: Is quality 
controlled? Or are the frequent trouble 
situations due to lack of control in proc- 
ess? If there is lack of control, what is the 
cause? 

(f) In developing new materials or 
processes, a frequent question is: What is 
the relationship between factors a and b? 
How does tensile strength vary with suc- 
cessive intensities of heat treatment? 

The answers to these questions depend 
to a surprising degree on the appropriate 
use of certain statistical methods. The 
literature is rich in these methods, vary- 


Fic. 13.—Interpretation of Data. 
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ing from the simplest to the most com- 
plex and including such subjects as 
simple graphical methods, frequency 
distributions, estimation, confidence 
limits, tests of significance, control chart 
techniques, acceptance sampling plans, 
design of experiments, analysis of vari- 
ance, and decision functions. We can 
hope to touch on only a few methods 
here, to indicate some of the factors in- 
volved in the interpretation of data. 


Qualitative Information: 


Our knowledge of the physical quality : 
of a product or material is derived in 


CONCLUSION 


OR 
JUDGMENT 


large measure from the interpretation of 
quantitative data. However, the data 
constitute only a part of the information 
used in interpretation; the judgments 
that are made depend, as well, on all 
available relevant information with 
respect to the precise conditions under 
which the product was manufactured, 
the precise conditions under which the 
data were obtained, etc. Such relevant 
information is mostly qualitative and 
is not capable of numerical expression. 
Often, too, in production and quality 
control work, prior numerical data have 
an important influence on the conclusions 
drawn, as suggested in Fig. 13. 

In interpretation, the engineer as- 
sumes the role of a judge, takes the im- 
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mediate numerical data, gathers together 
as much pertinent evidence as he can, 
weighs the evidence, and renders his 
decision. Of greatest importance is the 
collateral information on precisely the 
field to which the data apply: What were 
the specific conditions of production? 
What machines were used? Who selected 
the sample units for measurement? 
What was the method of measurement? 
Were the measurements free from bias? 
Who did the measuring? What about 
prior information? Who got the earlier 
data? When, how, and what were the 
conditions? 

Interpretation relates to the universe 
of causes, including all of these many 
factors. Which are important, which 
are not, is for the engineer to decide. All 
through these questions we note the 
recurrence of human beings—an ever- 
present general factor that affects the 
thing measured, the data obtained, and 
the interpretation itself. 

The need for including available 
relevant information along with numeri- 
cal data is recognized in the work of the 
American Society for Testing Materials 
and is expressed as follows in the ASTM 
Manual on Quality Control of Ma- 
terials (4, pp. 33, 34): 


“Among the specific things that may be 
presented with ASTM data to assist others 
in interpreting them or to build up con- 
fidence in the interpretation made by an 
author are: 

“1. The kind, grade, and character of ma- 
terial or product tested. 

“2. The mode and conditions of produc- 
tion, if this has a bearing on the feature un- 
der inquiry. 

“3. The method of selecting the sample; 
steps taken to insure its randomness or repre- 
sentativeness. 

“4, The specific method of test (if an 
ASTM or other standard test, so state; 
= with any modifications of proce- 
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“5. The specific conditions of test, partic- 
ularly the regulation of factors that are 
known to have an influence on the feature 
under inquiry. 

“6, The precautions or steps taken to 
eliminate systematic or constant errors of 
observation. 

“7, The difficulties encountered and elim- 
inated during the investigation. 

“8. Information regarding parallel but 
independent paths of approach to the end 
results. 

“9, Evidence that the data were obtained 
under controlled conditions; the results of 
statistical tests made to support belief in 
the constancy of conditions, in respect to 
the physical tests made or the material 
tested, or both. 

“Much of this information may be quali- 
tative in character, some may even be vague, 
yet without it the interpretation of the data 
and the conclusions reached may be mis- 
leading or of little value to others.” 


Considering the problems of quality 
control, and the importance of the in- 
formation contained in the “order” of 
the individual measurements in a group, 
Olmstead (16) has this’ to say: 


“Quality Control has introduced the con- 
cept of assignable cause and insists that all 
data to be helpful should include sufficient 
information to permit detection and identi- 
fication of such a cause. On this basis, all 
good data should include: 

“1. The Order, i, associated with each 
measurement. 

“2. The Condition, C; , under which each 
measurement was taken. 

“3. The Observer, H; , the human being 
who made the measurement. 

“4. The Time, ¢;, when each measure- 
ment was made. 

“5. The Numerical Value, X;, of each 
measurement.” 


Prediction: 


On the general subjects of interpreta- 
tion of data, prediction, and knowledge, I 


7 Consistent with Shewhart (10, p. 89). 
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would like to recommend to the engineer, 
as “must” reading, the third chapter of 
Shewhart’s book, “Statistical Method 
from the Viewpoint of Quality Con- 
trol” (10). 

With respect to experimental and test 
data generally, Shewhart points out that 
“every meaningful interpretation in- 
volves a prediction.” When on the basis 
of past tests and other information we 
assert that a particular line of product 
from source A is of good quality, we are 
predicting what may be expected in 
future deliveries. Or again, if we assert, 
on the basis of what we have observed in 


the past, that Jack is a dependable 
EVIDENCE _PREDICTION 


Original Data Pp 
as Evidence E 


OF 


DEGREE OF BELIEF 

Degree of Belief p, 
in Prediction P 

Based on Evidence E 


14.—Three Components of Knowledge 
(10)). 


worker, then we are in effect predicting 
that Jack will do a good job, and what is 
expected of him, in future assignments. 
Uniformities of the past provide a basis 
for predicting the future. 

But a prediction by itself does not con- 
stitute knowledge. Shewhart (10, pp. 101, 
103) states: ‘The scientific analyst must 
present his evidence along with his pre- 
dictions if he is to present his results as 
knowledge,” and “to every prediction 
there corresponds a certain degree of 
rational belief.”” As indicated in Fig. 14 
(10, pp. 85-86), there are three important 
components of knowledge: “‘(a) the data 
of experience in which the process of 
knowing begins, (b) the prediction P in 
terms of data that one would expect to 


get if he were to perform certain experi- 
ments in the future, and (c) the degree 
of belief p» in the prediction P based on 
the original data or some summary 
thereof as evidence E.” Now this item, 
degree of belief, p», is not something 
that we know how to measure quantita- 
tively, and the whole discussion above 
may appear to the engineer to be ab- 
stract and on the whole rather impracti- 
cal. But in terms of everyday experience, 
these concepts are most useful and 
practical as Shewhart indicates by the 
following (10, p. 86): 


“For example, I might say, ‘It is going to — 
rain day after tomorrow.’ That statement 
has a definite predictive meaning in the sense 
that you can test it in the future. However, 
it does not convey much knowledge, since I 
have no standing as a weather prophet. You 
may therefore ask what makes me think that 
it is going to rain day after tomorrow. That 
is, you ask for my evidence. Given the evi- 
dence, there is presumably a certain degree 
of belief, »,, however small, that may 
rationally be held in my prediction. The 
evidence as well as the prediction must be 
considered.” 


This shows how one may make a mean- — : 
ingful scientific statement without con- 
veying much if any knowledge. As a 
recognized expert, one may be able to get 
by with presenting conclusions or pre- 
dictions without much supporting evi- 
dence, but the soundest method, the one 
that will be most widely accepted, is to 
present both quantitative and qualitative : 
information sufficient to serve as an ade- | 
quate base for technical conclusions. 

An example from the medical profes- — 
sion may be of interest. In the early _ 
1920’s, during development work on a | 
multiple electrical stethoscope, I had 
occasion to study with Dr. Richard C. — 
Cabot, outstanding heart pathologist, 
the abnormal heart and chest sounds for a 
number of patients in the Massachusetts 
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General Hospital in Boston. We were 
analyzing the frequency content of the 
sounds, with particular emphasis on 
heart murmurs, and I was fascinated 
with Dr. Cabot’s interpretations of what 
we jointly heard in our stethoscope 
tubes. I remember one case in which he 
was especially interested, a faint mid- 
diastolic murmur, which appeared from 
time to time. I asked how he could judge 
that this was so serious from the 
very soft, barely-perceptible, “blowing” 
sound that we heard. “Oh,” he said, 
“it’s the history that counts! The mur- 
mur is only part of the evidence. But 
- this particular sound coupled with this 
TABLE IIl.—ORIGINAL DATA—MEAS- 

URED VALUES OF SLOT WIDTH, IN. 


Sample of 40 Piece-Parts. 
0.556 0.557 0.557 0.558 
0.557 0.557 0.559 0.557 7 
0.557 0.557 0.559 0.557 
0.558 0.558 0.557 0.560 
0.558 0.558 0.558 0.557 
0.557 0.558 0.557 0.558 
0.556 0.557 0.557 0.557 
0.558 0.558 0.558 0.558 
0.557 0.557 0.557 0.558 
0.558 0.559 0.558 0.558 


particular history is highly significant.” 
And he indicated that for heart murmurs 
generally, prior data, in addition to cur- 
_ rent data, were usually essential for valid 
_ diagnoses. In retrospect, this case illus- 
trates two important points. First of all, 
had a very high degre of belief, as 
would anyone else, ir. conclusion 
that this was a seriov ase; his nation- 
wide reputation served us authority, and 
I needed no details. Second, in the medi- 
cal world, as in quality engineering, past 
history, in its relation to current observa- 
tions and measurements, is usually of 
prime importance in drawing conclu- 
sions, in making predictions, or in 
making decisions for action regarding 
underlying systems of causes. 


q 
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FREQUENCY DISTRIBUTIONS AS AN AID 
TO INTERPRETATION 


Often classifying a set of observations 
into cells and plotting them into a form 
of a frequency distribution will provide 
the engineer with all that he needs for 
useful interpretation. Let us assume the 
raw data consist of a set of 25 to 50 
observations representing one measure- 
ment on each of a like number of prod- 
uct units or specimens. The mind cannot 
grasp in its entirety the meaning of so 
many numbers. But the graphical ar- 
rangement of a frequency distribution 


Fic. 15.—Frequency Plot Indicating Wrong 
Process Level. 


gives some information at a glance, such 
as the general level of the set of values 
and the extent of their spread. In indi- 
vidual situations this may be useful in 
discovering the nature of reported 
trouble and may serve as a guide for 
action. 

For example, Table III gives the meas- 
ured values of a dimension for a sample of 
40 piece parts taken at one time from a 
production line. The specification gives 
limits of 0.558 in. max and 0.552 in. 
min and requires measurement or gaging 
“to the nearest 0.001 in.” Looking at 
numbers in Table III does show that 
some values exceed the specification 
maximum limit, but it requires real 
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mental effort to get even the roughest 
idea of how bad the situation is. We are 
all picture-minded. Ideas can be im- 
parted to others and understandings 
reached more easily if we can present a 
story in graphical form. 

Figure 15 gives (a) a simple tally and 
(b) also a point-plot of the 40 observa- 
tions for the 40 piece parts. From a glance 
at this figure and without further analysis 
of the data, it may be concluded that the 
general level of the distribution is too 
high. Having first satisfied himself that 
the data are good data—that the sample 
was properly selected for the purpose at 
hand, that a reliable observer made the 


Ht 

Max Limit 


0.561 


Fic. 16.—Frequency Plot Indicating Process 
Spread is Too Great. 


measurements, and that a good microm- 
eter, free from bias, was used—the engi- 
neer can fairly safely conclude that what 
is needed is an adjustment of the process 
so that its average will be more nearly 
centered between the maximum and 
minimum limits. It would appear, too, 
that the spread is small enough so that 
if corrective action were taken to center 
the process and to maintain it there, 
there would be few, if any, failures to 
meet the limits. 

On the other hand, if the frequency dis- 
tribution for the 40 parts were as shown 
in Fig. 16, trouble of quite another type 
would be indicated. Depending on how 
the sample had been selected, it might 


indicate either (a) that the inherent 
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spread (natural tolerance) of the process 
was too great for the specified limits, or 
(b) that the process level was unstable— 
subject to wandering. If the sample of 
40 parts were a group of parts that had 
been made consecutively, then (a) would 
be indicated. In this case a fundamental 
change in the process would be neces- 
sary, a more precise machine-tool used 
perhaps, if it were desired to have all 
parts meet the limits as they came 
directly from the machine. Without some 
such action, it would be necessary to in- 
voke a 100 per cent inspection of the 
parts for this dimension and sort out the 
nonconforming ones. If the sample of 40 
were parts that had been selected at 
random from the entire output of a day’s 
run, then either (a) or (b) might be indi- 
cated. A decision between (a) and (b) 
probably could not be made from the 
results of a single sample; several sam- 
ples, in which the order of the data by 
time (also by source if several machines 
were involved) was preserved, would 
probably be needed. 

A frequency distribution as such, 
without information regarding how the 
samples were selected and the condi- 
tions under which the observations were 
taken, is generally of limited value as a 


guide to action. On the other hand, it is — 


often possible to obtain much informa- 
tion of value from frequency distribu- 
tions if care is taken in planning the col- 
lection of the data and in selecting the 
samples, to keep as separate groups the 
various portions of the data which 
represent different times, sources, and 
conditions which may have a bearing on 
the quality feature under consideration. 

Example.—In the sampling inspection 
of hard-rubber number plates used on 
switchboards, trouble was experienced 
with excessive lot rejections. Inspection 
was by the method of attributes, and a 


principal cause for rejections was an ex- 
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cessive percentage of defects with re- 
spect to oversize thickness. It was 
decided to make an investigation by the 
method of variables to provide informa- 
tion on the pattern of variation in 
thickness. Thickness is controlled by a 
grinding operation. Two grinding opera- 
tors were involved, but their outputs 
were normally merged. It was decided 
to take, from the output of each of the 
two operators, a sample of about 100 
number plates and measure them for 
thickness to the nearest 0.0005 in. This 
was done under the direction of the 


Thick- 9 
perator 
= Number | 


Operator Total 
Number 2 


PT 


tal 


Number 


_ Fic, 17.—Grinding Operation on Hard Rub- 
ber Number Plates. 


engineer running the investigation, who 

himself selected the samples. The results 
“ver recorded on a tally sheet; the actual 
distributions are shown in Fig. 17. From 
a glance at these results, the principal 
“cause of the trouble was obvious. Opera- 
tor No. 1 was responsible; the level of 
average thickness for her product was too 
high, giving an appreciable percentage of 
number plates outside the maximum 
limit. An adjustment in her grinding 
technique was made, bringing the aver- 
age thickness of her product closer to the 
center value between the limits, and the 
trouble was cleared. 

_ Two lessons can be learned from this 
Be First, the location of the cause 
of trouble is often the result of successful 
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planning of an investigation by one 
familiar with the process. Here the 
engineer, after a study of the process, 
decided that separate samples should be 
taken from the two operators, recogniz- 
ing that this was a possible source of the 
unknown trouble. Had a sample of the 
merged output of the two operators been 
taken, the resulting distribution would 
have looked something like the “total” 
distribution of Fig. 17. This looks like 
a smooth distribution, might (erron- 
eously) have been considered a single 
universe, and as a consequence might 
have prompted a recommendation that 
the grinding operation be adjusted for 
both operators. This could well have 
upset the good work being done by 
operator No. 2 by bringing in a new type 
of defect, underthickness, and the prob- 
lem would not have been solved. 

Secondly, the apparent smoothness or 
single-peakedness of a distribution is no 
guarantee that there is but a single uni- 
verse. The “total” distribution of Fig. 
17 looks quite smooth and of typical 
form, yet it actually is a compounding of 
two quite different distributions (uni- 
verses). 

It is noted that a double-peaked dis- 
tribution can sometimes be used as an 
indication of two systems of causes (two 
universes) if the number of observations 
is large, say well over 100. This may not 
be done safely, however, unless the two 
peaks are well formed and clearly 
separated. 

While frequency distributions can be 
used in some cases as a basis for action, 
care should be exercised to keep the data 
in separate subgroups, each identified 
by the conditions with which it was as- 
sociated, to permit intercomparisons for 
the discovery of differences that may 
explain causes. Empirical analysis of a 
causal system depends upon such identifi- 
cation. Engineering judgment, control 
charts, and designed experiments all 
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depend upon data that preserve the 
identity of source as to men, machines, 
and material. 

And again, instead of taking a single 
large sample for each of the separate con- 
ditions under study, it is usually better 
from the standpoint of locating causes to 
take, in some ordered sequence, a series 
of small samples (four or five observa- 
tions each) for each of the conditions. 
Data in this form lend themselves to 
analysis by the control chart, a tech- 
nique that provides a basis for assessing 
stability, that is, for determining 
whether for each condition there does, in 
fact, exist @ universe in the probability 
sense, and hence whether one can safely 
draw conclusions based on such a 
premise. 


ESTIMATES AND CONFIDENCE Limits 
Point Estimates: 


Although we usually take data as a 
basis for some decision or some action, 
sometimes we wish specifically to obtain 
estimates of the parameters of the 
universe that is represented by the 
sample data at hand. 

Let us suppose that we have a sample 
of 10 bolts selected at random from a lot 
suspected to be of subnormal quality 
and that these have been tested for 
breaking strength by a standard method 
of test. The observed values of breaking 
strength, in thousands of pounds, are: 
10.8, 9.6, 10.6, 11.4, 9.7, 10.7, 10.4, 10.9, 
10.2, 11.7. From these data we wish to 
estimate some of the more important 
characteristics of the lot, or universe, 
from which the sample was drawn. In 
the interests of simplicity here, a Normal 
distribution will be assumed. 

The section on Sampling Variation 
mentioned several statistics that may be 
computed from the sample values, such 
as: 


X = 10.60, « = 0.632, R = 2.1, and p = 0.20. 
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The value of » is the proportion of bolts 

having breaking strength values less 

than 10,000 Ib, the specified minimum 
limit. 

Now X = 10.6 is an unbiased estimate of X’, 

= = 0.685 is an unbiased estimate of o, 


R 
or 3° 0.682 is an unbiased estimate of o’, 


> = 0.20 is an unbiased estimate of p’ 


where: 

X’ = the universe average, 

o’ = the universe standard deviation, 
and 

the universe fraction below 10,000 

lb. 


ll 


Norte.—Values of cz and dz are given in the 
ASTM Manual on Quality Control of Ma- 
terials (4, p. 62). 


The estimates of the preceding para- 
graph are called “point estimates.” But 
how good are they? How close to the uni- 
verse values are they? Since point esti- 
mates carry no hint of their goodness, 
another type of estimate, an “interval 
estimate,” is often used. 


Interval Estimates—Confidence Limits: 


The interval estimate just referred to 
is called the “confidence interval.” In- 
stead of providing a single value as the 
estimate of the unknown parameter, it 
gives an interval or range of values and 
says only that the true value is some- 
where in this interval. As Bross (15, p. 
234) says: “A confidence interval is a 
rather cagey statement about a param- 
eter.” It has an operationally verifiable 
meaning—one that can be checked ex- 
perimentally no matter how small the 
sample size; however, it may not be very 
useful if the sample size is small. 

“Confidence limits” define the bound- 
aries of the interval; the length of the 
interval depends on the “confidence 
coefficient” chosen. A confidence coeffi- 
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cient of 0.95 (or 95 per cent) is com- 
monly used in engineering work, which 
means that the user has chances of 95 in 
100 of being correct when he makes the 
statement: “The universe value lies 
within these (95 per cent confidence) 
limits.” For the problem of the bolts 
under discussion, the statement for 95 
per cent confidence limits would be: The 
universe average value of breaking 
strength is somewhere between 10,120 
and 11,080 lb. If the engineer wished to 


95 per cent Confidence 
Limits for &' 


re 


(a) (For limits for X’ and o’): The 
distribution of X for the universe 
sampled is approximately Normal, and 

(6) (For limits for X’, o’, and p’): 
The sample is a random sample. 

__The 95 per cent confidence limits for 
X’, o’, and p’, on the basis of the 10 ob- 
served values given above, are as follows: 


For X’: X¥ + ae = 10,120 and 11,080 lb. 
For o’: kio and kee = 460 and 1220 lb. 
For p’: pi and p: = 2 per cent and 56 per cent 
below 10,000 Ib. 


(a) 
Original Data 
and 
Estimated 
Distribution 

(n=10) 


(b) 
Extreme 
Oistributions 


have a smaller risk of an incorrect state- 
ment, he could use 99 per cent confidence 
limits, but then the interval would be 


considerably wider—9920 to 11,280 lb, 
an increase of about 40 per cent. 


If an engineer goes through life using 
95 per cent confidence limits in many 
problems like the above, and makes the 
above kind of statement in each case, he 
can expect that his statements will be 
correct 95 times in 100, provided certain 
conditions (4, pp. 42-43) assumed in 
determining the constants mentioned 
above are met, namely, 


11000 
Strength, |b 
Fic. 18.—Effect of Errors of Estimation—Sample Size, n = 10. 


12000 13 14000 


When each statement alone has a prob- 
ability of 0.95 of being correct, it should 
be noted that the probability of all 
three statements being correct simul- 
taneously is between (0.95)* = 0.86 and 
(0.95)? = 0.90, since p is not completely 
independent of X and o. 


Norte.—The factor a = is given on 
n 
p. 43 of the ASTM “Manual on Quality Control of 
Materials” (4). The factor ky = ¥ and 
X0.025 


= 


= . Values of x? may be found in 
V x0.975 
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Table C, p. 613, of Duncan (18). (The value of 
nin Table C is m — 1.) Confidence limits for X’ 
and o’ may be computed from R instead of o, 
using factors in Table E1, p. 614, of Duncan (18), 
for limits for X’, and factors in Table D on the 
same page for limits for o’. 

Values of p; and 2: may be read from the 
chart given by Duncan on p. 350 (18) or read 
from tables of the binomial distribution as 
described on pp. 349-350. When pn is large 
(say, pn > 4), confidence limits for p’ may be 


95 per cent Confidence x 
Limits for 


Low High 
x 
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corresponding to the higher confidence 
limit for X’, one having a lowc’ andthe 
other a high o’ corresponding to lower 
and upper 95 per cent confidence limit 
values of o’. Another pair of extreme dis- __ 
tributions could be drawn for “low X’.” q 
We would like to think that the true dis- 
tribution looks like that given in Fig. 
18(a) and reproduced in Fig. 18(d), 


(a) 
Original Data 


and 
Estimated ave 


Distribution 
(n=50) 


8000 93000 10000 


found from the equation: 


.. 
n 


where ¢ = 1.96, the Normal deviate, for 95 per 
cent limits. 


Figure 18(a) shows the original data for 
the sample of 10, a Normal distribution 
with an average and standard deviation 
equal to the unbiased estimates of X’ 
and o’, and also the 95 per cent confi- 
dence limits for X’. From this it is ap- 
parent that confidence limits are rather 
wide. To indicate how uncertain the re- 
sults really are for a sample of 10, 
another figure has been drawn, Fig. 
18(b), that shows two extreme (Normal) 
distributions, both having an average 


11000 
Strength, Ib 


Fic. 19.—Effect of Errors of Estimation—Sample Size, n = 50. 


12000 


but it might be as wide of the mark as 
either of the two extreme distributions 
shown in Fig. 18(b) (for the assumed 
conditions of 95 per cent confidence limits 
and Normal distribution). 


Note.—The confidence limits for ~’ given 
above are based on the binomial distribution and 
are slightly wider than would be derived from 
the charts that assume that the underlying dis- 
tribution is Normal. 


This example and diagram may help 
to show that we can hardly expect to 
estimate universe parameters or distribu- 
tions at all closely with a sample as small 
as 10. In any practical case, the ques- 
tion would be whether the confidence 
limits provide information sufficiently 
precise for the problem at hand. For 
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be many situations, the extreme range of 
- possible distributions shown in Fig. 
__ 18(b) would be considered so great as to 
) be of little practical usefulness. When 
this is so, the trouble may usually be as- 

sumed to be one of insufficient data. 
The intervals can of course be short- 
ened by taking a larger sample. For a 
sample of 50, the 95 per cent confidence 
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a high o’ corresponding to lower and up- 
per 95 per cent confidence limit values 
of o’ (all based on a sample of 50). We 
see at once that with a reasonably large 
sample we can draw conclusions regard- 
ing the universe distribution to within 
quite moderate limits of variation. In 
fact, the square-root rule is applicable 
(approximately) for each parameter: In- 


limits are: = 


For X’: 10,400 and 10,800 Ib. 
: For o’: 570 and 850 lb. 
; 4 For ~’: 9 and 31 per cent below 10,000 Ib. 


Figure 19(a) shows data for a sample of 
50, so chosen as to have the same dis- 
tribution as that in Fig. 18(a), and also 
shows the 95 per cent confidence limits 
for X’ based on the 50 observed values. 
In turn, Fig. 19(6) shows two extreme 
distributions (similar to those of Fig. 
18(b)), both having an average corre- 
sponding to the higher confidence limit 
_ for X’, one having a low o’ and the other 
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Fic. 20.—Relationship Between Two Variables; Confidence Limits at Fixed Values of X. 


crease the sample fourfold to decrease 
the interval by half. 

These examples have had _ specific 
reference to estimates of parameters, 
particularly X’ and o’, and have not been 


TABLE IV.—COMPUTED CONFIDENCE 
LIMITS FOR Y’. 


Aver- | © 95 Per cent 
X, hr ee, | SS 33 Confidence_ 
Y, psi FE E= Limits for Y’ 
Dn Zz 
— eer 17 710 1330 7 | 16 380 to 19 040 
a 15 100/1880 10 | 13 680 to 16 520 
12 3301800} 10 860 to 13 800 
ee 9 770|1700 7 8 070 to 11 470 
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intended to provide useful information 


5 regarding the shape of distributions. Us- 
: ing the Normal distribution for illustra- 
tive purposes has been merely an aid in 
- providing a visual comparison of relative 
1 spreads of distributions. 

; Estimates of Regression of Y on X: 


- Many ASTM studies are made for the 


j 
DODGE ON INTERPRETATION OF ENGINEERING DATA 


a method of estimating the relationship 
between two variables. 

The values of X in Fig. 20(a) are values 
of total deformation time in hours (5, 20, 
80, and 300), while the values of Y are 
values of 1.0 per cent total deformation 
strength, in psi, for type 321 sheet alloy 
at 1350 F. Hereafter we shall refer to X 
as time and Y as strength. 
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. Fic. 21.—Improvement (Narrower Band Around the Regression Line in (b)) That Results When 


’ purpose of finding the relationship be- 
1 tween two variables. Often the values of 
one variable, X, are fixed at set intervals, 
and several values of the other variable, 
Y, are measured for each fixed value of 
X. Figure 20(a) shows some data of this 
kind,’ used here only as an illustration of 


® From A. I. Rush and J. W. Freeman, “‘Sta- 
tistical Evaluation of the Creep-Rupture Proper- 
ties of Four Heat-Resistant Alloys in Sheet 
Form,” see p.,1098 of this publication. The au- 
thors did not present the data in this way. 


the Assumptions for Placing Confidence Limits on the Regression Line Itself Are Satisfied. 


and they are interpreted in the same w nog 


For each sample of Y values corre- 
sponding to the four values of X, the © 
individual Y values (one value for each 
of seven to ten heats) are plotted as dots; _ 
each Y value (average) is designated by — 
a cross. For each of these samples of Y 
values, the values of Y, o, and 95 per | 
cent confidence limits for Y’ were com- 
puted as shown in Table IV. The con- | 
fidence limits are of the form Y + dl - 
as described under Interval vento 
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If there is a true functional relation- 
ship between X and Y’, it may be re- 
_ garded as the locus of the Y’ points cor- 
responding to the X values. Therefore, 
the line or curve is likely to fall within the 

confidence limits. The values of Y and 
the 95 per cent confidence limits are 
shown in Fig. 20(0). 

The shape of the curve suggests using 
log X as the abscissa so that the values 
will be more evenly spaced. Figure 21 (a) 
shows the values of Y and the confidence 

limits for Y’ plotted against X on a log 
scale, as well as a least squares straight 
line fitted to the data. This looks like a 
good fit. If there is good reason to be- 
lieve that the true functional relation- 
ship is a straight line using this scale, and 
if the distributions of Y (corresponding 
to the four values of X) have about the 
same spread, this line based on all the 
data collectively gives estimates of Y’ 
corresponding to values of X throughout 
the range of X values, rather than at 
four isolated points. This line, joining 
these estimates of Y’, is called the “re- 
gression line of Y on X,” and it is pos- 
sible to compute (19, pp. 540-546) con- 
fidence limits for the regression line 
which are considerably narrower than 
the confidence limits shown in Fig. 21(a). 


Note.—These limits are of the form: 


Y; + las 
+ 


where: 


— 
— 


@ =1— 0.95 = 0.05, 
— Yi? 
—2 


s= 


a + bXi, and 


X to fit a straight line to the data. 


number of Y values corresponding to Xj, 


20,883 — 4484 (log Xi) for this example 
since values of X were transformed to log 


t may be found in Table B, p. 612, of Duncan 
(18) (using =n; — 2 for “n” in Table B). 


Figure 21(b) shows the least squares 
regression line fitted to the data and the 
95 per cent confidence limits for the re- 
gression line. The reason the confidence 
limits are wider at the ends is that our 
knowledge of the regression line is less 
precise at the ends than in the middle. 
The statement, “The true relationship 
between strength and time lies within 
these limits,” has 95 chances in 100 of 
being correct if: 

(a) the distribution of Y for each uni- 
verse (corresponding to each value of 
X) is approximately Normal, 

(6) the sample is a random sample, 

(c) the variances of the different uni- 
verses of Y are the same, and 

(d) the true relationship is a straight 
line for the scales used. 

If, then, the engineer has this added 
knowledge regarding the mathematical 
form of the true relationship (and it 
should be knowledge, not wishful think- 
ing), and if, in addition, through statisti- 
cal tests, he satisfies himself on item (c) 
above, then he can use the narrowed con- 
fidence limits for the regression line (Fig. 
21(b)). What he has done is to make use 
of a particular mathematical model that 
has some rather stringent limitations— 
straight line, constant variability, etc. 
In his use of this model, he must remem- 
ber that he needs to justify his choice of 
model—to give evidence or other infor- 
mation that may be considered sufficient 
grounds. Otherwise the critical reader 
may have but a very small degree of be- 
lief, po, in the presentation. Lacking 
adequate grounds for using the confi- 
dence limits of Fig. 21(b), he can use the 
less precise presentation of Fig. 21(a) 
or even Fig. 20(b), subject of course to 
the limitations that apply to each of the 
several sample sets of observations (items 


val Estimates). 
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ControL CHART METHOD OF 
CONTROLLING QUALITY 


Some General Principles: 


Too often, perhaps, a single sample, 
large or small, will be taken from the 
output of some manufacturing process, 
confidence limits computed for the 
average and the dispersion, and the 
results taken to indicate not merely what 
the quality of the product was at the time 
when the sample was taken but also 
what the quality will be in the future. 

This assumes that the process is a 
stable one, that a particular frequency 
distribution is associated with a particu- 
lar manufacturing process and remains 
essentially unchanged as time goes on. 
In other words it assumes that the 
process is in a state of statistical control. 
The assumption is an easy one, a par- 
ticularly convenient one to make when 
data are limited and there is no evidence 
at hand that can contradict it. The only 
trouble with it is that it usually is not 
true. Many processes may remain rea- 
sonably stable for short periods of time, 
but more often than not there are trends 
or sudden shifts in the process levels 
that can persist for substantial periods 
of time, unless engineering or production 
forces have set up a system of purposive 
process controls to detect and eliminate 
assignable causes as soon as they appear. 

When the end product is the composite 
output of multiple sources—several like 
machines, several assembly groups, 
several operators performing like func- 
tions, etc.—process controls can often 
be placed most advantageously at each 
of these separate sources, to keep the sub- 
portions of output close to a common 
standard and prevent the wider varia- 
bility in quality that results from the 
merging of several streams that have not 
been directed toward a common target 
or “‘aimed-at” value. Many examples 
in the field of quality control—multi- 
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head machine operations, soldering, _ 
clerical recording and tabulating, etc— 
illustrate the fact that with multiple 
sources the most frequent cause of 
trouble at any one time is one of the — 
several production sources, and that 
systematic detection of such causes, as 
by a control-chart procedure applied to 
the separate sources, is a most effective 
way of improving quality. 


Example—Process Quality Control: 


The effect of introducing a control- 
chart method of controlling quality dur- 
ing production is illustrated by an ex- 
ample that dates back to the early days 
of World War II. The procedure followed 
was essentially that given in American 
War Standard Z1.3, “Control Chart 
Method of Controlling Qua'ity During 
Production” (6). This particular ex- 
ample relates to the control of weight of — 
powder charge in a certain type of 30- 
caliber ammunition in one of our ar- 
senals. 

In this particular plant there were over 
seventy machines all going through es- 
sentially the same operation of adding a 
charge of powder to a cartridge case. The 
quality of output was subject to measure- 
ment checks by several inspectors—one ~ 
inspector normally watched over several 
machines. Before instituting a control- 
chart plan on the machines, each in- 
spector made frequent individual checks 
of charge weight for her particular 
machines and indicated when, from the 
results of her check weighing, a par- 
ticular machine appeared to require ad- 
justment in order to modify the weight 
of charge. 

The control-chart plan, applied sepa- 
rately to each machine, called for: 

(a) selecting at random a sample of 5 
units every hour (later every 2 hr) during 
the three shifts, 

(b) weighing the charge in each of the 
5 sample units, 7 
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(c) computing the average, X, and the 
range, R, of the 5 values, 

(d) plotting promptly the average and 
range on a large chart that accommo- 
dated results for seven successive days, 


and 


(e) taking corrective action when and 


only when a sample average or a sample 


range fell outside the control limits of 


IN GRAINS 


WEIGHT, 


RANGE, R 
° : 
o 


the chart. 
At the outset, preliminary data (sam- 
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For X: lower control limit (LCL) = nominal 
— AR = nominal — 0.577R. 
For R: upper control limit (UCL) = DiR 
= 2.115R. 


As the plan went into effect, instances 
of lack of control were encountered by 
an X or an R falling outside the control 
limits (see Fig. 22). This meant stopping 
the machine and taking corrective ac- 
tion. For X out of control, corrective 
action consisted of an adjustment to 
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ples of 5) were obtained for each machine 
to find a value of average range, R, for 
that machine, which would represent the 
inherent variability of the process for 
that particular machine and would pro- 
vide values needed for computing control 
limits for X and R. 

The goal in this operation was to main- 
tain charge weights at a desired nominal 
value, the nominal value being specific to 
each individual lot of powder being 
used. Thus the control limits were (4, 
p. 62): 


_ For X: upper control limit (UCL) = nominal 


+ A2R = nominal + 0.5772. 


PROCESS 


increase or to decrease the weight of 
filling. This apparently often happened 
for the first sample on a Monday morn- 
ing. For R out of control, the corrective 
action often consisted of cleaning out the 
charging block or blowing it out with 
compressed air. 

But the surprising thing was there 
were now fewer adjustments than before 
the control charts were installed, and the 
machine down-time was considerably 
reduced. Some machines ran for much 
longer periods without adjustment than 
had been experienced in the past. An 
analysis of the over-all quality of the out- 
put, made some time after the plan had 


Fic. 22.—X and R Control Charts for Weight of Powder Charge, with Distributions Before and 
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been in effect, gave the most significant 
result of all: the over-all quality was 
better than before and was more uni- 
form. That is, the spread above and 
below the nominal or “aimed-at” value 
was definitely smaller than before. Here 
was better quality, less machine down- 
time, more production, less cost. How 
could this be explained? 

What happened is not known pre- 
cisely, but it appears to have been some- 
thing like this. Before the control-chart 
method was introduced, the inspector 
normally made a single check measure- 
ment in each of her inspections of a 
machine. The criterion for action (when 
to adjust a machine and when to let it 
alone) was not designed to take account 
of individual machine variability, and 
in the interests of producing the very 
best quality for the armed forces, the in- 
spector undoubtedly called for adjust- 
ments on occasions when none was 
needed—when the evidence used in de- 
ciding to adjust was a single moderately 
high or low reading. The effect of making 
an adjustment when none was needed 
was to introduce variation by shifting the 
average of the universe distribution. If 
this were done regularly, the effect would 
be to give a widened spread as shown 
by the series of dotted distributions at 
the right of Fig. 22. This is apparently 
what had been going on unknowingly. 

This example helps to illustrate one or 
two important points. First, when the 
control chart is used to control quality 
during production, not only does it tell 
when to take action but, equally im- 
portant, it tells when to let the process 
alone. Second, the control chart, in pro- 
viding a consistent rule for action, not 
only saves an individual from that 
onerous job of making decisions, but it 
may improve the uniformity of quality 
by preventing the introduction of varia- 
tions caused by over-zealous tinkering 


with a well-designed process. 


How LARGE A SAMPLE 
A General Problem: 


Another type of problem that comes up 
frequently has to do with determining — 
how large a sample® should be taken for 
some particular purpose. Usually, quan-— 
titative results are wanted which will be | 
subject to an interpretation that will 
serve as a useful basis for making some 
decision or taking some action. Statisti- 
cal methods provide a suitable prob- 
ability model for solving this problem, 
using a language that the practical man 
has no difficulty in understanding. A 
clear and illuminating discussion of such 
models and the relation between the 
symbolic world and the real world in 
statistical problems is given by Irwin D. 
J. Bross in his book, “Design for Deci- 
sion”’ (17).'° 


Example—Quality Measured by the 
Method of Altributes: 


This example, drawn from experience, 
relates to the problem of sample size for 
a product characteristic whose quality 
is measured by the method of attributes, 
in per cent defective. 

A has a stock of 50,000 units of appara- 
tus (let us call them capacitors), sus- 
pects that an appreciable percentage of 
the units are defective for a particular 
test feature, and wishes to sample the 
stock to find out how bad they really are. 
A goes to B, a quality assurance engineer, 
explains the situation, and then asks: 
“How large a sample shall I take?” 

This is a problem in estimation. It is 
not a routine problem but, rather, a 
special one. A must supply certain infor- 
mation if his question is to be answered. 
Much depends on just what it is that A 

®This problem is under study by a Task 
Group, headed by A. G. Scroggie, of ASTM 
Committee E-11 on Quality Control of Materials. 

10See especially Chapter 10. This book, 


written in everyday language, is particularly 
recommended for engineers. 
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wants. The solution generally goes some- 
thing like this: 


B asks: How bad do you think the qual- 
ity is? 
A answers: I don’t know. 
want to find out. 
B: Do you think it’s about 5 per cent de- 
fective? 
A: Oh, it’s worse than that. 
B: 20 per cent defective? __ 
A: Not as bad as that. 
B: 10 per cent defective? 
A: Yes, maybe about 10 per cent defec- 
tive. 

(B writes down on a piece of paper, p’ = 
0.10, meaning that he is going to assume 
that the lot fraction defective is 0.10, for the 
purposes at hand. Then he goes on with his 
questions.) 

B: How close do you want to know the 
per cent defective? 

A: I don’t know. I just want to know 
what it is. 

B: Do you want to know it to within +0.1 
per cent? 

i A bristles and says: Don’t be silly! 

B: To within +5 per cent? 

A: Of course not! I want to be closer 
that! 

B: To within +4 per cent? 

A: Yes. That’s about right. 

(This gives an error of p = 
B therefore writes down: E = 0.005.) 

B: Now, how sure do you want to be that 
the error won’t exceed 3 per cent? 

A: Now listen! I’ve given you all sorts of 
figures that I’ve had no business to. I just 
want to be sure that the error won’t be 
greater than 4 per cent. 

B: Do you mean something like chances 
of 999 in 1000? 

A bristles again, and says: Don’t be silly! 
_ B: Chances of 50 in 100? 

A: No, no!! I want to be surer than that. 
_ B: How about chances of 9 in 10? 

A: O.K. That’s about right. 
q (In isolated problems such as this, en- 
gineers often choose 9 in 10. This gives a 
probability of 0.90. Using a Normal Law 
probability function, which is suitable in the 
present case, a value of ¢ = 1.65 results. 
Probability values of 0.95 and 0.99 are more 


That’s what I 


0.005. 
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commonly used in recurring statistical prob- 
lems. Values of ¢ are as follows: 


Probability t 
1.65 
1.96 
2.33 


B now substitutes the values p’ = 0.10, 
E = 0.005, and ¢ = 1.65 in the following 


equation for sample size n: — 


~ 0, 10)(0.90) = 9800 


e , 
— 


(1.65) 
~ (0.005 ? 


B: Here’s the answer—a sample of 9800. 

A: Wa-a-i-t a minute! That’s ridiculous. 
I can’t take a sample that big. 

B: Well, then, how about allowing a little 
larger error? 

A: Like what? 

B: Say an error of 1 per cent instead of } 
per cent? 

A: What’ll that give me? 

B: For an error of 1 per cent, the sample 
will be 2450, 


(1.6 
n (0.10)(0.90) = 2450 


A: That’s more like it. In fact, that looks 
quite reasonable. 


Since this order of magnitude looks 
satisfactory to A, the final step is in the 
nature of a refinement, to take into ac- 
count the lot size, V. The formula used 
above was for estimating the p’ of un- 
limited universe (a process, or a lot of 
infinite size). The correct sample size for 
a limited universe, 1 , bears the follow- 
ing simple relation (approximate) to the 
sample size for an unlimited univers, n: 


Substituting V = 50,000 and n = 2450 
gives ny, = 2340 as the required sample 


size. 


x 
: 
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Now, except perhaps for advice on 
methods of distributing the sample over 
various portions of the stock in order 
to disclose possible concentrations of 
trouble, A’s problem is solved. What 
has been the approach? 

First of all, B needed to find out ex- 
actly what A wanted to do, namely, to 
estimate the per cent defective in a large 
quantity of product that was actually 
available for sampling. From this in- 
formation, B chose as a mathematical 
model the distribution of sampling er- 
rors for random samples drawn from a 
given binomial universe. 

Second, B had to get from A some idea 
of the degree of defectiveness of the ma- 
terial to be sampled. Often in practice 
one meets the contention that nothing— 
absolutely nothing—is known regard- 
ing the quality of the subject-lot of ma- 
terial or process. Seldom is this really 
so. Someone is available who knows 
something about it—who knows recent 
history, current conditions, and other 
factors that give at least the general 
order of magnitude of the quality under 
consideration. At the very least, if he 
is asked the right kind of questions, he 
can narrow the band down to a sufficient 
degree for the purpose at hand. 

Finally, B had to find out what preci- 
sion of result was wanted by A and what 
risk of error he could stand. When his 
first choice of constants gave a sample 
size that looked unreasonable (too costly) 
to him for what he had in mind, he was 
willing to allow a greater error in order to 
get a sample size that satisfied his own 
personal criterion of reasonableness. And 
that is the basis for many solutions of 
sample size. He who is paying the bill 
weighs the value of greater precision 
versus the cost and comes down to some 
sample value that seems to strike a 
proper balance between value and cost. 
This is a personal decision. The mathe- 
matical model provides a basis for under- 
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standing; it gives a yardstick for measur-_ 
ing how good an answer can be expected _ 
for any given choice of constants. 

The model used in this problem can be 
visualized from the diagram in Fig. 23. 
We take A’s guess of p’ = 0.10 (10 per © 
cent defective) as the assumed universe _ 
from which a sample is to be drawn. 
Values of fraction defective, p, in random 
samples of size n, drawn from an un- 
limited universe having a fraction de- 
fective p’, will be distributed around p’ 


op 


E=top 


n 


FRACTION DEFECTIVE, p 
Fic 23.—Model Used for Finding Sample 
Size, n. 


with a standard deviation of 


= 
n 


(for a limited universe of NV units, 


op = 1-2 


For large enough that mp’ is greater 
than, say, 4 or 5 (as is true in this case), 
this distribution can for most practical 
purposes be considered to be a Normal 
distribution. In the problem at hand, 
since the error is to be limited to 1 per 
cent (0.01) with a probability of 0.90, 
we merely have to find that value of n 
such that the distribution of sample 
values of p (Fig. 23) will have 90 per 
cent of its area within the band p = 
0.10 + 0.01. 

Some might contend that this solution 


| 
| 
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will not provide A with the solution he 
wants if p is sharply different from the 

estimated value of 0.10. Suppose A took 
his sample and found p = 0.19 (19 per 
cent defective). A had said he wanted an 
error of not more than 1 per cent (of 
course, for the specific conditions p’ = 
0.10 and probability = 0.90). Now with 
_p’ equal to about 19 per cent defective, 
_his error (for probability = 0.90) might 
be as large as 1.3 per cent, which is 
greater than the 1 per cent agreed upon. 
Whether the contention mentioned above 
is valid or not appears to be a matter of 

A’s understanding at the outset. For 
example, with the problem as solved, 
when A agreed to a sample size of n = 
2340 and an error of 1 per cent for p’ 
= 0.10, he could be advised that this 
sample size would give an error of about 
1.2 per cent if p’ were 0.15 and about 
1.3 per cent if p’ were 0.20. If, before 
taking his sample, A had this complete 
understanding regarding what could be 
expected of a sample of 2340 and still 
agreed, then there would be no grounds 
for dissatisfaction with the sampling 
plan as a result of a difference between 
the actual p and the expected value, p’. 


Quality Measured by the Method of Vari- 
ables: 


The same general procedure is followed 
if it is desired to determine, by sampling, 
the average value (arithmetic mean) of 
some measureable characteristic, X, for 
a given process (unlimited universe) or 
for some definite quantity of product 
_ (limited universe). Here the problem is 
to find out how large a sample, » (num- 
ber of unitsor number of observations), is 
_ required to determine the average of the 
quality characteristic under considera- 
tion: (a) with some prescribed maximum 
- error, E, for the sample average, X, and 
_ (6) with a chosen value of probability. 
To solve the problem, there must be 
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provided some estimate of the standard 
deviation of individual measurements, 
o’, for the universe under consideration. 
This, together with chosen values of E 
and /, is used in the following formula 
for determining the sample size, n (num- 
ber of units or number of observations) 
in sampling from an unlimited universe: 
E 


where: 


E = prescribed maximum error, ex- 
pressed in the same units of meas- 
urement as the sample average, X, 
and 

‘ = a chosen constant for a given prob- 
ability (as given on p. 32). 

To find the sample size, my, , in sam- 
pling from a limited universe of N units, 
the above formula is first used to find the 
sample size, #, in sampling from an un- 
limited universe, and the result is then 


fo’? 


N ) 
corrected by a factor (5 thus: 
_ N * 


In practice, most problems will call 
for the use of the formula for n, rather 
than the formula for my. If the sample 
is to provide information about the aver- 
age of a process, the formula for » applies 
directly. If the sample is to provide in- 
formation about the average of some 
definite quantity (lot, batch, shipment, 
etc.) of product, the formula mz applies; 
however, the formula for is generally 
used as an approximation if the ratio of 
sample size to lot size, n/N, is small—say, 
less than 0.05 or even 0.10. Further- 
more, the formula for » can appro- 
priately be applied to sampling from 
a limited universe when the lot is con- 
tinuous in character in respect to the 
characteristic in question, that is, not 
naturally made up of discrete pieces that 


¢ 


can be tested separately for that charac- 
teristic. In this case, the lot size, V, 
cannot be expressed in terms of a number 
of units but can for all practical purposes 
be considered as unlimited, while the 
sample size, m, is the number of test 
specimens that are selected for purposes 
of test. Examples include most physical 
properties of materials, such as tensile 
strength of strand, hardness of sheet 
brass, moisture content of vitrified clay 
conduit. 


SUMMARY 

In quality engineering and probably 
in many other kinds of engineering, sta- 
tistical methods, particularly some of the 
simpler techniques used in quality con- 
trol, are important in planning for the 
collection of data as well as in the in- 
terpretation of the data after they have 
been obtained. 

Most engineering data on the quality 
of materials or manufactured products 
can be looked upon as samples—samples 
of information with respect to either (a) 


‘ the product already made or (6) the 


underlying cause system behind the data, 
including all of the many factors of 
variation in both the production process 
and the measurement process. Much is 


(1) Harold L. Maxwell, “Chemical Devel- 
opments and Engineering Materials,” 
ASTM Buttetin, No. 194, December, 
1953, p. 47 (TP191). 

(2) Walter A. Shewhart, ‘Economic Control of 
Quality of Manufactured Product,” D. 
Van Nostrand Co., Inc., New York, N. Y. 
(1931). 

(3) Eugene L. Grant, “Statistical Quality Con- 
trol,” McGraw-Hill Book Co., Inc., New 
York, N. Y. (1952). 

(4) Manual on Quality Control of Materials, 
Am. Soc. Testing Mats. (1951). (Issued as 
separate publication ASTM STP No. 
15-C.) 

(5) A.S.A. War Standards Z1.1 and Z1.2, 


to be gained by emphasis on the latter 
view. Knowledge of processes and 
knowledge of methods of measurement 
result from continuing attention to varia- 
tions that do not conform to expected 
patterns. We can expect to improve our 
control over the various operations and 
processes that we employ in the labora- 
tory and the factory and to attain most 
economical production if we use our 
engineering data to find and eliminate 
assignable causes of variation. 

Statistical quality control is a goal that 
we may hold before us as an ideal. Once 
attained in any segment of endeavor, we 
are enabled to make valid predictions 
regarding the output of future opera- 
tions. Statistical methods and quality 
control techniques provide a means for 
approaching this goal. 
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Testing Materials and Battelle Memorial Institute in com- 
memoration of Horace W. Gillett, the subjects of the Lectures 
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GILLETT MemoriAL LECTURE 
By R. L. Temp.in? 


Mr. F. M. Howell, Chief, Mechanical Testing Division, Aluminum Company of Amer- 


ica, assisted in the preparation of the lecture and also, due to the protracted illness of 
Mr. Templin, made the presentation.—Eb. 


This is the third occasion on which 
we have gathered for the purpose of 
suitably recognizing the achievements 
and memory of one of America’s most 
noted metallurgists, Dr. Horace W. 
Gillett. Both the Battelle Memorial 
Institute and the American Society for 
Testing Materials have agreed that an 
annual lecture dealing with the develop- 
ment, testing, evaluation, or application 
of metals would constitute an appropri- 
ate memorial to this great man, who has 
been respectfully referred to as “this 
Grand Old Man of American Metal- 
lurgy,” and as the “Maker of Men and 
Metals.” 

The person selected to give the initial 
Horace W. Gillett Lecture was Norman 
L. Mochel. The outstanding job done by 
him is apparent to all who heard or have 
read his lecture, which was presented 
before the Fiftieth Anniversary Meeting 
of this Society in 1952, under the title of 
“Man, Metals, and Power.’ 

The second Gillett Memorial Lecture, 
“Micrometallurgy—The Metallurgy of 


1 Presented at the Fifty-seventh Annual 
Meeting of the Society, June 15, 1954, Chicago, 
Ill. 

2 Assistant Director of Research and Chief 
Engineer of Tests, Aluminum Company of 
America, New Kensington, Pa. 

3 Proceedings, Am. Soc. Testing Mats., 
52, p. 691 (1952). 


Vol. 


* 


Minute Additions,’* presented before 
the Society last year by Jerome Strauss, 
was again a notable and worthy tribute 
to the memory and interests of his old 
friend, Dr. Gillett. 

The previous lecturers have given such 
a comprehensive description of the man 
honored, his life, his works, his technical 
interests and achievements, his hobbies 
and amusements, that little if any re- 
mains that can be added. It was my 
privilege to have known Dr. Gillett 
throughout many years—when he was 
active on ASTM committees, while at 
the National Bureau of Standards, and 
throughout his work at Battelle Memo- 
rial Institute. We had a kindred interest 
in outdoor sports and invariably gave up 
part of our conversational time to quail 
or grouse shooting. Having attained our 
bag limit of birds, Gil would pop the 
familiar question, “What’s new?” The 
answer to this question nearly always 
involved aluminum, a subject in which his 
interest antedated mine by at least a 
decade. In the list of publications of 
H. W. Gillett may be found numerous 
papers concerned with aluminum. The 
first of these appears to have been pre- 
sented in 1911, and the papers extend 
from that time throughout the rest of his 


4 Proceedings, Am. Soc. Testing Mats., Vol. 


53, p. 577 (1953). 
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life. In my contacts with him, he led me 
to believe that he was particularly inter- 
ested in the fatigue properties of alumi- 
nuri and its alloys, and, by one means or 
another, he managed to keep himself 
reasonably familiar with the work on this 
subject which I initiated in the labora- 
tories of the Aluminum Company of 
America in 1919, and which has been 
continued and appreciably expanded in 
these laboratories since that time. On 
two or three specific occasions, he 
strongly suggested that, and gave reasons 
why, this investigational work should be 
further amplified and the results ob- 
tained suitably publicized. Some of the 
results from this earlier work on the 
fatigue properties of aluminum were 
presented to this Society 20 years ago, 
and Dr. Gillett’s suggestion was among 
the factors influencing the writing of 
that paper (55).° Since that time, other 
papers covering specific phases of the 
fatigue properties of aluminum and its 
alloys, as evaluated by Alcoa’s labora- 
tories, have been presented to this and 
other technical societies (59, 78, 87, 102, 
108, 109, 110, 130, 131, 139, 140, 145, 146, 
152, 153, 156, 161, 173, 180, 195, 209, 222, 
228, 236, 257, 258, 287, 306, 308, 325, 336, 
337, 388, 397, 412, 416, 417, 418, 419, 454, 462, 
481, 486, 487, 488, 494). On this occasion, 
an attempt will be made to summarize 
the knowledge of the subject, without re- 
striction as to source, toward the end 
that the useful lives of aluminum-alloy 
structures and machines subjected to re- 
peated loads in service may be extended. 


BRIEF DESCRIPTION OF 
FATIGUE PHENOMENA 


The nature of fatigue phenomena in 
metals has been discussed extensively in 
the technical literature by many en- 
gineers and scientists over the past 100 
years. The review presented by Peter- 


5 The boldface numbers in parentheses refer 
to the bibliography appended to this paper, see 
ip. 679. 
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son (298) in the February, 1950, ASTM 
BULLETIN is particularly noteworthy. It 
will be assumed, for the purposes of this 
lecture, that those interested in the sub- 
ject are reasonably familiar with the 
general behavior of materials subjected 
to repeated loading conditions. Under 
such conditions, failures can occur that 
are often characterized as being of the 
brittle type. In most instances, the com- 
puted nominal stresses are within the 
elastic ranges of the materials. Fre- 
quently the fatigue cracks can be asso- 
ciated with geometric configurations, 
surface conditions, or internal structure 
characteristics, all of which are recog- 
nized as stress raisers. While these 
factors have deleterious effects on the 
fatigue properties of all metals, the 
quantitative significance of each may 
vary, depending on the particular mate- 
rial and the conditions of service. Alu- 
minum alloys generally behave like 
other commonly used metals when 
subjected to repeated stresses. Such 
significant differences as are now known 
to exist between the behavior of the 
aluminum alloys and other metals will 
be pointed out in the course of this 
lecture. 


FUNDAMENTAL MECHANISM OF 
FATIGUE FAILURES 


The increasing efforts by engineers to 
use metals more efficiently in machines 
and structures subjected to repeated 
loads have resulted in more fatigue fail- 
ures in service. These failures, in turn, 
have served to intensify the interest in 
the nature of fatigue and the desire to 
understand the fundamentals of its 
mechanism. Such knowledge undoubt- 
edly would be helpful in effecting im- 
provements in the fatigue properties of 
metals. Of the many useful contributions 
made toward realization of such under- 
standing, those by Ewing and Rosenhain, 
Ewing and Humphrey, Gough and co- 
workers, Hansen and Wheeler, Orowan, 
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Moore, and Forsyth are particularly 
noteworthy (1, 2, 21, 39, 53, 80, 106, 264, 
440, 441), but this list by no means con- 


tains the names of all those who have 
made helpful contributions. Progress 
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under repeated stress from a very few 
cycles to final failure of the material, at 
various stress levels. They have observed 
minute structural changes occurring 
early in fatigue tests, as shown in Fig. 1, 


Fic. 1.—Oxide Film Replica Showing Several Stages of Structural Change Resulting from Fatigue 
Action as Revealed by Electron Microscopy (X 25,000) reduced to # size in reproduction. 


toward obtaining entirely satisfactory 
answers to the many questions arising 
has indeed been slow, when we realize 
that the fatigue problem was first recog- 
nized more than a century ago. 

Recent work by Hunter and Fricke 
(488) shows some interesting facts con- 
cerning the behavior of aluminum alloys 


and have developed techniques whereby 
the progress of a fatigue crack in an 
aluminum alloy subjected to repeated 
stressing is followed essentially from 
beginning to end. 

It would appear from their work to 
date that in the case of aluminum alloys, 
at or above a specific stress level for each 
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material, minute fissures first develop 
along slip planes in those grains having 
certain orientations. Concentration of 
dislocations on the most highly stressed 
slip planes of these grains probably 
weakens those planes and leads to the 
formation of the fissures. With repeated 
stressing, these fissures eventually join to 
form more nearly continuous cracks on 
these planes. As repeated stressing con- 
tinues, the cracks join or connect with 
similar cracks on neighboring parallel 
slip planes within the same grain. This 
stage represents the microstructural 
conditions frequently found by the usual 
microscopic examination. Upon further 
repeated stressing, some of these cracks 
join with similar cracks in adjacent 
grains. This constitutes the beginning of 
the ultimate catastrophic fatigue failure 
of the material. Correlation of what 
Hunter and Fricke have termed “first 
crack” with the final fatigue failure of 
the material appears to offer some prom- 
ise as a means for estimating the number 
of cycles to ultimate failure of the mate- 
rial, if the stress level is known. These 
workers have found no evidence of in- 
cipient cracks below certain limiting 
stress levels, varying with the different 
materials, and these stress levels seem to 
be slightly below the nominal endurance 
limits of the materials. Investigation by 
their associates has revealed a subgrain 
structure of submicroscopic size which 
has only recently been recognized. This 
structure may have an influence on 
fatigue behavior, although its signifi- 
cance is not yet fully understood. 

As is characteristic of such research 
effort, many new questions have arisen 
during the course of the work, necessi- 
tating considerable additional effort be- 
fore suitable answers can be obtained. 
Similar investigations are currently 
under way by other investigators, involv- 
ing aluminum and other metals. It 
would therefore seem reasonable to hope 


for a much better understanding of the 
fundamentals of the fatigue mechanism 
when the results of the work now in 
progress become available. Both the 
optical and the electron microscopes have 
been very helpful in this basic research 
work. 

Much research effort has been ex- 
pended, and is continuing, in attempting 
to improve the fatigue strengths of alu- 
minum alloys. So far, this work has not 
resulted in any outstanding increases in 
the fatigue strengths of these alloys. 
The aluminum powder metallurgy prod- 
ucts at high temperatures are a notable 
exception. These alloys exhibit better 
fatigue properties than any previously 
obtained for temperatures from 600 to 
800 F. 


EVALUATION OF THE 
FATIGUE PROPERTIES 


It appears that the earliest fatigue 
tests of aluminum reported in the tech- 
nical literature were those described in 
the Proceedings of this Society by 
Souther in 1907 (3). He gave rotating- 
beam, smooth specimen fatigue data for 
a number of aluminum-base casting 
alloys, among which was the widely used 
aluminum alloy containing about 8 per 
cent of copper. In passing, it is interest- 
ing to note that the fatigue strength 
values that he obtained for these alumi- 
num alloys are in excellent agreement 
with similar fatigue strength values 
obtained recently. 

It is of further interest to note in the 
discussion that followed the presentation 
of this paper that Mr. Gaetano Lanza 
made the following remarks: 


“T believe that before long we shall have 
to prescribe, in many cases, specifications 
for endurance tests; moreover, I will add 
that in Committee K [Standard Methods of 
Testing—now Committee E-1] we have ar- 
ranged to have a subcommittee on endur- 
ance tests. While this subcommittee has not 
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have already been sent by Committee K 
to the various testing laboratories, asking 


_ for a statement of their practice in this re- 
_ gard, the replies to serve as an aid to the 


subcommittee in its work.” 


These remarks suggest the beginning of 
our Society’s present Committee E-9 on 
fatigue. 

Evidence of the interest in the fatigue 
properties of aluminum-base alloys in 
England first appears in the Ninth Re- 
port to the Alloys Research Committee, 
January, 1910 (4). The data given are 
ascribed to T. E. Stanton and pertain 
to two aluminum-base alloys, in the cast 
condition, containing copper and man- 
ganese. 

Gibson reported on rotating-beam and 
repeated impact fatigue tests of both 
cast and wrought aluminum alloys before 
the ASTM in 1920 (8). Since then there 
has been continuous investigation of the 
fatigue properties of the light alloys in 
this country. Early in this work, differ- 
ences were noted between the behavior 
of some of the non-ferrous metals and 
that previously observed for some of the 
ferrous metals. The outstanding differ- 
ence noted was the apparent absence of 
definite endurance limits for the non- 
ferrous light metals. 

The invention by Wilm in 1911 of the 
high-strength, heat-treatable aluminum 
alloy, Duralumin, provided a suitable 
material for structural applications 
wherein a high ratio of strength to weight 
was of paramount importance. This 
material was of particular interest to 
aircraft designers and was first used 
extensively in the structural framework 
of lighter-than-air craft, but soon there- 
after in heavier-than-air craft. Improved 
aluminum alloys of the Duralumin type 
were developed shortly after World War 
I and found uses not only in aircraft but 
in other fields. In these early applications 
of the heat-treatable, high-strength alu- 


_ yet been set to work, nevertheless requests 


minum alloys, comparisons of their 
properties with those of mild steel were 
often made. While the static mechanical 
properties compared favorably with 
those of mild steel, the lower fatigue 
strengths of the newer metals were 
noted. The use of aluminum alloys in 
aircraft called for relatively high design 
stresses and repetition of stresses under 
service conditions. Consideration of these 
facts stimulated the early investigations 
of the fatigue properties of the heat- 
treatable aluminum alloys. 

Appreciable improvements have been 
made in the static mechanical properties 
of aluminum alloys in recent years. These 
increases in the mechanical property 
values, particularly of the yield strength 
values, have led to the use of still higher 
design stresses in machines and struc- 
tures. The fatigue strengths of these 
various alloys, however, have not been 
increased proportionately, as may be 
noted in Fig. 2. Occasionally, this situa- 
tion has not been suitably considered by 
the designers of structures expected to 
withstand repeated loads, with the con- 
sequence that some fatigue troubles 
have occurred. 

The appended bibliography of papers 
reporting on the fatigue properties of 
aluminum affords ample evidence of the 
attention given to the subject over the 
past thirty-odd years. These studies are 
continuing and are being expanded, with 
the result that today there is available an 
imposing amount of fatigue information 
on aluminum. 


Factors AFFECTING FATIGUE STRENGTH 


The fatigue strengths obtained from 
tests of the various products made from 
the many different aluminum alloys are 
affected by a rather imposing list of fac- 
tors. While it is easy to obtain general 
agreement on the inclusion of the various 
items, the relative importance or signifi- 
cance of each is often merely a matter of 
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opinion not substantiated by adequate 
data. The factors generally considered of 
major importance will be discussed in 
terms of their effects on the fatigue 
properties of aluminum alloys in their 
present commercial forms and conditions. 


Testing: 


The many factors that may affect 
fatigue data, from the testing viewpoint, 
are treated in considerable detail in the 
“Manual on Fatigue Testing,” published 
by this Society in 1949 (251). Compliance 
with the recommended practices con- 
tained in this manual is virtually manda- 
tory if satisfactory fatigue results are 
expected. The recommendations given 
probably should be considered as mini- 
mum requirements agreed upon by those 
experienced in making fatigue tests at the 
time the manual was written. Some 
materials may require even further at- 
tention to details. Undoubtedly, as the 
need for additional limitations is proved, 
the necessary requirements will be in- 
cluded in revisions of this manual. The 
nomenclature recommended in the man- 
ual is followed in this paper. The en- 
durance limit values for aluminum 
alloys are based on their withstanding 
5 X 10% cycles of stress without failure, 
generally using the rotating-beam test 
wherein the mean stress is zero. 

The type of test—rotating-beam, 
axial- (or direct-) stress, or repeated- 
flexure—used in obtaining fatigue data 
affects the numerical values obtained for 
aluminum, as for other metals (219, 265). 
The differences in values, however, are 
not always consistent. In general, the 
direct-stress test gives somewhat lower 
fatigue strengths than the rotating- 
beam test using solid specimens, but 
comparable data are obtained if thin- 
walled tubular specimens are used. The 
repeated-flexure type of test usually 
gives results in reasonable agreement 
with the rotating-beam type. The direct- 
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stress and flexure types are often better 
suited than the rotating-beam type for 
stresses in the plastic range. 

Some fatigue data have been reported 
for tests involving only compressive 
stresses (346). These and other unpub- 
lished results for some of the aluminum 
alloys are in qualitative agreement in 
showing that considerably higher ranges 
of stress are obtained in compression 
than in tension. Furthermore, the ranges 
of stress are higher when the stresses 
are entirely in compression than when 
the stress cycle involves tensile stresses. 
It is also worthy of note that when the 
stresses are within the compression 
range, in the case of the aluminum 
alloys, the specimens withstand the loads 
imposed on them for a very large number 
of cycles after the initial fatigue cracks 
are observed. This behavior, of course, is 
in rather marked contrast to that ob- 
served when the repeated stresses are 
in the tension range. 

Most of the small amount of combined- 
stress fatigue testing of aluminum has 
been done in studies of theories of failure 
(262, 263, 401, 437). When combined 
stresses are produced by internal pressure 
and axial load on specimens of extruded 
aluminum alloy tubes, the test results 
indicate an apparent anisotropy of the 
material. Since axial-load tests on speci- 
mens from other wrought products show 
no significant effects of grain direction, 
it seems reasonable to believe that the 
apparent anisotropy in tubes may be 
caused by other factors, such as surface 
finish on the inside of the tube. The 
investigators conclude that additional 
tests under other states of stress are 
needed. 

Much emphasis has been put on the 
details of the finishing procedures used 
for fatigue specimens. The object, of 
course, is to obtain specimens with very 
smooth surfaces without changing the 
properties of the material. Various 
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chemical treatments and etching proce- 
dures have been used for finishing fatigue 
specimens of aluminum. In some in- 
stances such procedures have given 
satisfactory results; but in others the 


reagent attacks grain boundary con- 


stituents or causes minute pits in the 
surface, either of which can affect the 
fatigue results adversely. 

It is practically impossible to machine 
fatigue specimens (or tension test speci- 
mens (412)) from annealed high purity 
aluminum without affecting the test 
results appreciably. So far, the only 
satisfactory solution to this problem has 
been to machine specimens from rather 
severely cold-worked metal, then anneal 
the finished specimens. Fatigue data for 
fully annealed aluminum of very high 
purity probably are of questionable 
character because of the difficulties 
involved in preparing and testing the 
specimens. 

Fatigue tests have been made at the 
Aluminum Research Laboratories of 
the Aluminum Company of America 
using specimens finished by a light 
buffing operation or by a careful polish- 
ing procedure ending with the use of 
fine crocus paper or, in the case of the 
harder alloys, finished by using only a 
careful machining operation. Although 
other sources (293) have reported results 
showing that appreciable differences in 
fatigue properties can be obtained 
depending on the finishing details, it 
would appear that, for aluminum alloys, 
any one of two or three different methods 
of finishing the specimens can be used 
satisfactorily if proper attention is 
given to the details of the method 
selected. 

Speed of testing is one of the factors 
that is often given major consideration 
when making fatigue tests of metals. 
It undoubtedly merits such attention 
when the stresses used are in the plastic 
range of the material and considerable 
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heating occurs. Much less trouble from 
this source is found when testing alu- 
minum alloys than when testing ferrous 
and nickel-base alloys. Fatigue tests of 
a few of the high-strength aluminum 
alloys have been made at various speeds, 
ranging from 12 to 30,000 cpm, at room 
temperature, without any significant 
effects on the test values (59, 303). The 
effects of speed at elevated temperatures, 
however, have not been so well defined. 
The problem presented is complex 
because of the increasing influence of 
creep as higher temperatures are used. 

There are many other details involved 
in the testing technique which must 
receive more than the usual attention 
accorded them in static property tests 
in order to obtain good fatigue results. 
Some of the more important ones are 
alignment of specimen in the testing 
machine; vibration during testing; iner- 
tia effects of loading devices; protection 
of specimen from deleterious atmos- 
pheric conditions; uncontrolled tempera- 
ture effects; proper fitting of specimens 
in machines, collets, or chucks; undue 
stressing of specimens by grip adjust- 
ment; critical vibrational speeds; im- 
proper and excessive stressing encoun- 
tered during starting of testing machine. 
The quantitative significance of each of 
these items varies with the alloy, type 
of fatigue test, the specific testing 
machine, and type of specimen used. 
Suitable consideration of all these 
details should decrease the number of 
tests necessary to define the fatigue 
properties of a metal. 

There has been a substantial increase 
in the number of investigators and 
agencies making fatigue tests of alumi- 
num alloys during the past few years. 
Comparisons of results available from 
these many sources often reveal appre- 
ciable differences in data for the same 
material. Questions naturally arise as to 
the reason for these discrepancies; it is 
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recognized that they might result from 
any one or a number of the many factors 
affecting the fatigue strength values. 


For instances where comparisons can be 


made using commercial products having 
the same nominal composition and 
static mechanical properties, and where 
the same nominal type of test specimens, 
machines, and technique were used, it 


are available. First, such data have — 


been obtained over many years’ time, _ 
for the various commodities, by a single 7 


laboratory. Secondly, such data are 
available from a number of different 
sources in this country, each of which is 
presumably following the fatigue testing 
practice recommended by this Society 
and using material made in this country. 
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would appear reasonable to give major 
consideration to two factors: (a) varia- 
tion in the samples of the material and 
(b) variations in the testing technique 
used. 

As an example of such a situation, 
the aluminum alloy 24S, which has been 
widely used throughout the world for 
many years in aircraft construction, 
has been selected. Extensive fatigue 
data for a number of different products 
of this alloy, and from many sources, 


CYCLES 


Fic. 3.—Fatigue Curve Showing Unusually Consistent Data. 


Finally, some fatigue data from sources 


outside of this country are available. 
These foreign data have been obtained 
from tests of similar material, but using, 
in most cases, somewhat different types 
of testing machines and procedures. 

As an introduction to the comparisons 
about to be made, fatigue strength data 
of the type to be used are shown in Fig. 
3. These data were obtained using the 
rotating-beam type of testing machine 
and specimen. Fatigue test results 
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_ exhibiting the consistency shown by this 
_ series are generally considered as not 


only giving the fatigue strengths for 
various numbers of cycles, but also as 
evidence of the good uniformity of the 
material and the high degree of accuracy 
of the data. When interpreting such 


demonstrate which set of data is the 
more nearly correct. 

Fatigue results such as shown in Fig. 
4 are more often obtained, and the 
scatter is characterized as being typical 
of fatigue tests in general, typical of the 
material tested, typical of the specific 


data, however, conclusions reached _ type of fatigue test used, or perhaps even 
should be restricted by stating that the typical of similar data from the particu- 
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Fic. 4.—Fatigue Curve Showing Normal Scatter. 


particular sample used was uniform, the 
specimen preparation and testing condi- 
tions were controlled within close limits, 
and consistent results were obtained. 
Experience has demonstrated that fa- 
tigue results having the same satis- 
factory consistency, but differing appre- 
ciably in numerical values from the 
data shown in Fig. 3, can be obtained 
when the same material is tested by 
another agency using the same nominal 
testing procedure. When comparing such 
results, it is often difficult to decide or 


lar source offering the data. In general, 
the majority of fatigue test data in any 
given series of tests exhibits some 
scatter, and various methods have been 
suggested for interpreting such results 
toward the end of reaching answers 
as definitive as possible for fatigue 
strengths of materials. A common 
procedure is to present a faired curve 
through the plotted data points, drawn 
in by inspection or with the assistance of 
least squares, in an attempt to obtain 
an average curve. The statistical ap- 
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proach generally requires ten, twenty, 


number of lots required statistically to — 
or more tests at each stress level and represent a given commodity produced 
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may give a more precise answer for 
each lot of material tested. The number 
of specimens, when compounded by the 


Fic. 5.—Rotating-Beam Fatigue Curves for 24S-T4 Products (Alcoa). 
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over a reasonable period of time, makes 
the amount and cost of fatigue testing 


required prohibitive in most instances. 
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Fic. 7.—Rotating-Beam Fatigue Curves for 24S-T4 Products (Alcoa and Other U. S. Sources). 


™ 


60000 — 
D 000 
= 4, 
0 
| 
50 000 
40000 
30 000 \) BAND FOR CURVES | 
20000 
| 10000 
0 
10° 10° 


4 


654 


The situation is further aggravated if 
enough tests are included to cover 
adequately the testing variables _in- 


volved. 


For the comparisons in the example 
chosen for the immediate discussion, 
average or faired fatigue strength 
curves are used. These curves represent 
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combined in Fig. 7 and scatter bands or 
envelopes indicated that include all the 
domestic fatigue curves. With such 
fatigue data available, a mean or typical 
curve can also be established, and the 
band shown may be considered as 
defining approximately the expected 
variations under the existing conditions. 
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Fic. 8.—Rotating-Beam Fatigue Curves for 24S-T4 Products (Foreign Sources). 


various samples of different wrought 
products made from the same aluminum 
alloy, having the same heat treatment, 
and tested by one laboratory with 
careful attention to the testing details. 
These are shown in Fig. 5 for smooth 
and notched specimens. A comparison 
is then made as shown in Fig. 6 with 
fatigue data from various other sources 
in this country (219, 360, 384, 398, 435, 


449, 473). These results have been further 


In the compilation of fatigue data, 
following the method just described, a 
tendency has been observed for the 
width of the scatter bands to increase 
as the amount of data increases. In Fig. 
8 are shown similar smooth specimen 
fatigue data from foreign sources (281, 
293) and the scatter band for the domes- 
tic data. It should be noted that some 
individual fatigue test values would be 
expected to fall outside of the band, 
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depending on the scatter of results for 
the average curves defining the bounda- 
ries of the bands. 
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test, used in the comparisons just made, 


The rotating-beam type of fatigue 7 
is probably the most widely used type. — 
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Fic. 9.—Rotating-Beam Fatigue Curves. 


It would also appear reasonable to 
expect similar variations in fatigue data 
obtained from tests of other alloys. 
Unfortunately, such large amounts of 
data as those just discussed are not 
available for all the aluminum alloys. 


It is also a type of test in which close 


agreement 


is obtained, 


when using 


smooth specimens, between the actual 


stresses and 


the 


desired stresses. 


It 


would be expected, therefore, that data 


from this type of test from different 
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sources would show closer agreement 
than fatigue data obtained using other 
types of fatigue tests involving speci- 
mens, machines, and testing techniques 
which are not so well standardized. The 
differences in results, evident throughout 
the comparisons, cannot be definitely 
ascribed to material or testing varia- 
tions. It seems evident, however, that 
there is much room for improvement in 
the many details involved in making 
fatigue tests of this type if more defini- 
tive data are to be obtained. 
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The differences in fatigue strengths 
between the smooth and notched speci- 
men results emphasize the marked 
effects of geometry on fatigue strength. 

The fatigue strength values usually 
given for metals are those obtained from 
smooth specimens, but the designers of 
machines and structures expected to 
withstand repeated loads should be more 
interested in the notch specimen fatigue 
data. Unfortunately, there currently 
exists no standard notch fatigue speci- 
men, and the numerical values obtained 


TABLE I.—MECHANICAL PROPERTIES OF SOME METALS. 


Yield Endurance Limit, psi 
Tensile | Strength Endur | Strength 
etal Strength, | (0.2 per 2in /D ance Reduc- 
psi cent off- per cent|_ Smooth Notched Ratio tion 
set), psi Specimen| Specimen* Factor 


SAE 4130 steel........... 


SAE 4340 steel........... 163 700) 157 200 
Titanium 150-A.......... 150 000) 135 000 
Stainless i8-8............ 133 500) 109 000 
SAE 1020 steel........... 62 000 32 300 
Aluminum 758-T6........ 2 000) 72 000 
Magnesium AZ80......... 53 900) 41 200 


18 | 86 000) 54 000 (2)! 0.83 | 0.62 
16 | 83 000| 52 000 (2)! 0.86 | 0.51 
16 | 76 000) 10 000 (1)| .... | 0. 
32 | 70 000! 50 000 (2)| 0.83 | 0.53 


= 


35 | 32 000) 16 000 (3)| 0.93 | 0.52 
11 | 22 000) 9 000 (4)| 0.69 | 0.27 
7 | 16 000 8 000 (2)) 0.86 | 0.30 


bo bo te 
— 


@ Radius of notch: (1) 0.005 in., (2) 0.01 in., (3) 0.02 in., (4) 0.0002 in. 
6 Ratio of diameter at root of notch to major diameter. 


Different Metals: 

Data for a number of different metals 
of interest in the aircraft field, obtained 
from the most widely used type of 
fatigue test, are shown in Fig. 9 (88,193, 
241,347,382,383). These data are from 
tests of only one sample of each material. 
It may be noted that the range of 
endurance strengths obtained from the 
smooth specimen tests is from about 
16,000 to 86,000 psi, and for the notched 
specimens from 8000 to 54,000 psi. The 
fatigue strength reduction factors and 
endurance ratios have been indicated in 
Table I, but these should be considered 
as only approximate and probably not 
typical, because of the paucity of data. 


from such specimens depend upon the 
geometry of the notches used. This is 
illustrated by the data shown for two 
high-strength aluminum alloys in Fig. 
10. It may be noted also from Fig. 9 
that a sharp notch tends to minimize 
the effect of differences in the fatigue 
strengths of the different metals. 


Different Aluminum Alloys: 


There are available today many 
different aluminum alloys in both cast 
and wrought forms. These alloys exhibit 
wide ranges in static mechanical proper- 
ties, as shown by the selected examples 
given in Fig. 2. Various tensile and yield 
strengths shown are the result of differ- 
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Fic. 10.—Effects of Radius of Notch on Rotating-Beam Fatigue Strength. 
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ences in chemical composition, cold 
working, heat treatment, or combina- 
tions of these factors. 


| From the fatigue results for aluminum 


and tested at room temperature, it is 
evident that rather wide variations in 
chemical composition can exist without 
causing appreciable differences in the 
fatigue strengths, particularly for 10° 
or more cycles of stress. For the low 
numbers of cycles, below about 10', 
differences are found which undoubtedly 
are influenced by the differences in 
static tensile properties of the various 
alloys. When severely notched specimens 
are used, the effects of composition and 
; temper are even less pronounced and 
generally are of no practical significance. 
There are a greater number of alumi- 
num alloys available for use in the form 
_ of castings than in the form of wrought 
products. Limitations involved in shap- 
ing metal into the various wrought 
product forms restrict or exclude the 
use of many of the alloys in the wrought 
forms. In general, there are four types of 
castings: those made in sand molds, 
those made in plaster molds, those 
made in metallic or permanent molds, 
-and those made in metallic molds with 
molten metal introduced into the molds 
under relatively high pressures (die 
castings). 

Extensive fatigue data for most of 
the commercial aluminum alloys, both 
as sand and permanent-mold castings, 
have been reported in the literature 
- (419,487). Data from both smooth and 
notched specimens, tested in the rotat- 
_ing-beam type of fatigue machine, are 
presented. The results from this exten- 
sive work indicate clearly the absence of 
any very significant differences in the 
fatigue strengths for lives of about 10° 


an obtained with smooth specimens 


Cast versus Wrought Alloys: 
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or more cycles, throughout the entire 
group of alloys tested. The data from 
the smooth specimen tests show exten- 
sive overlapping of the results for the 
permanent-mold-cast alloys and those 
for the sand-cast alloys, with slight 
superiority shown by the average 
fatigue strengths of the permanent- 
mold-cast alloys over the average 
fatigue strengths of the sand-cast alloys. 
When using the notch type specimens, 
however, no significant differences in 
fatigue strengths were observed between 
the permanent-mold and sand-cast al- 
loys, as shown in Fig. 2. Aluminum 
alloys cast in plaster molds show no 
significant differences in fatigue proper- 
ties from those of the same alloys cast 
in sand molds. 

The die-cast aluminum alloys exhibit 
smooth specimen fatigue strengths quite 
superior to those found for sand and 
permanent-mold castings (494). Rather 
surprisingly, the fatigue strengths of the 
aluminum die castings are equal to 
those obtained for the highest static 
strength wrought aluminum alloy prod- 
ucts for 10’ or more cycles. This has 
been found to be the case for both the 
smooth and notched specimen data, and 
it is a fact which deserves serious con- 
sideration by designers of machines and 
structures where fatigue strength is 
important and where die castings offer 
other advantages. 

The fatigue data for sand-cast alumi- 
num alloys show rather small differences 
between the strengths of the smooth 
and the notched specimens. The average 
endurance limit for the entire group of 
notch fatigue tests of aluminum sand 
castings (7500 psi) is only about 1500 
psi less than the average endurance 
limit for the smooth specimen data 
(9000 psi). 

Greater differences may be observed 


between the endurance limits for the 
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smooth (about 12,000 psi) and notched 
(about 7500 psi) specimens of the 
permanent-mold-cast alloys, with an 
average difference of about 4500 psi. 
In general, the fatigue strengths of 
the wrought aluminum alloy products, 
using smooth specimens and the rotat- 
ing-beam type of test, are appreciably 
higher than the fatigue strengths of the 
commercial sand-cast or permanent- 
mold-cast alloys. On the other hand, the 


- fatigue data when very sharp notch 


type specimens are used show no signifi- 


cant differences. 


The superiority in fatigue strengths 


of the wrought aluminum alloy prod- 


ucts over the sand- and permanent- 
mold-cast alloys is what would be 
expected. The absence of any difference 


_ between the notch fatigue values might 


not be expected. This lack of difference 
would appear to emphasize the impor- 
tance of the effects of geometry rather 
than those of composition, heat treat- 
ment, working, or ductility as usually 
determined, on the fatigue strengths of 
the aluminum alloys. 

Wrought metal products usually orig- 
inate from cast ingots. Depending upon 
the quality of such ingots, the various 
metal-working processes involved in 
producing wrought products may have 
beneficial effects on the fatigue proper- 
ties of the final products. Most of the 
undesirable conditions obtaining in the 
ingots can be modified or corrected, so 
that the ultimate fabricated product will 
have improved fatigue properties. It has 
been demonstrated in the laboratory, 
however, that small, very high quality 
chilled cast aluminum ingots of both 
75S and 355 aluminum alloys can be 
made in such a way that samples from 
them, given the usual heat treatments, 
will have smooth specimen fatigue 
strengths in close agreement with those 
obtained from 75S-T6 wrought products 
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and the die-cast alloys. The notched 
specimen fatigue data from these special 
laboratory ingots, however, show no 
improvement over similar results from 
present commercial wrought products, 
sand castings, or permanent-mold cast- 
ings. From these results, it is tentatively 
concluded that any improvement in the 
fatigue properties of wrought aluminum 
alloys by working is definitely dependent 
on an improvement in the quality of the 
ingots used in making a given product. 
Furthermore, if large commercial ingots 
or castings are made equal in quality to 
the special laboratory ingots just men- 
tioned, no significant improvement in 
notch specimen fatigue values would be 
expected. 

The relative constancy of the fatigue 
properties of an aluminum alloy product 
is shown by the data in Fig. 11. These 
tests results were obtained from alumi- 
num alloy airplane propellers over a 
period of 17 years for the 25S alloy and 
12 years for 76S alloy. Random sample 
blades were taken from the production 
lots at 6- to 12-month intervals. Fatigue 
specimens, both smooth and _ notched, 
were cut from the thin parts and the 
hubs of the blades and tested. During 
the period covered, numerous changes in 
fabrication procedure were made in 
order to improve the working of the 
metal, refine grain size, and obtain 
better dimensional tolerances and more 
uniform tensile properties. All the 
fatigue results obtained are shown. 
Detailed analysis of the data has re- 
vealed that during the past quarter 
century there have been no definite or 
significant differences among all the 
sample blades, nor between the more 
severely worked parts and the hubs. 


Cold Working and Heat Treatment: 


Cold working aluminum and _ its 
alloys increases their tensile and yield 
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strengths with a sacrifice in ductility. 
Cold working also increases their smooth 
specimen fatigue strengths, but at a 
much lower rate and not in direct 
proportion to the increases in tensile or 
yield strengths. In general, the notch 
fatigue strengths are not appreciably 
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mined by current testing procedures, 
should be considered as actually apply- 
ing to some intermediate cold-worked 
temper of the metal. 

Almost all the heat-treatable wrought 
aluminum alloys, when heat treated 
from either the annealed or cold-worked 
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Fic. 12.—Rotating-Beam Fatigue Data for an Aluminum Alloy Showing Effects of Grain Size. 


affected by cold working. The endurance 
limits of some of the aluminum alloys in 
the fully annealed condition are equal to 
or greater than their yield strengths. 
This fact makes determination of the 
fatigue values difficult, if not imprac- 
ticable, since stresses applied at or above 
the endurance limit plastically deform 
and cold work the metal with the result 
that the metal is no longer in the an- 
nealed condition. The fatigue strength 
of these annealed materials, as deter- 


condition, exhibit an increase in both 

the smooth and notch specimen rotat- 
ing-beam fatigue strengths of about 50 
per cent over those of the annealed 
material. The amount of this increase is 
approximately the same for solution 
treatment only as for solution treatment 
followed by artificial aging. 

The heat-treatable aluminum alloys 
that can be further hardened by a 
precipitation heat treatment have appre- 
ciably higher tensile and yield strengths 
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after precipitation hardening than after 
solution heat treatment only. The 
fatigue strengths after precipitation 
heat treatment, however, are no higher, 
and in some instances are slightly lower, 
than after solution treatment only. It 
_ may be noted, therefore, that the en- 
_ durance limits for these alloys could not 
remain a constant function of their 
tensile strengths. 
_ Superimposing cold work after heat 
treatment of the high-strength wrought 
- alloys causes little, if any, increase in 
their smooth specimen fatigue strengths 
and no significant changes in their 
specimen fatigue strengths. 


Grain Size and Direction: 


Differences in fatigue properties of 
metals are often attributed to grain size, 
where appreciable differences in grain 
size obtain. Fine grain size is frequently 
considered as enhancing fatigue strength. 
—- studies of aluminum alloys 
have been made for the purpose of 
_comeatng fatigue properties and grain 
size. The results have not been consistent 
in all instances, particularly when 
FP data from only two samples, 
_ apparently differing in grain size only, 
were compared. 

Considerable fatigue data are now 
available for a number of different 
aluminum alloys which indicate that 

| grain size probably has no significant 
effect on the fatigue strength. Some of 
these results for one alloy are shown 
j _ in Fig. 12. Grain sizes ranging from 
very fine (170,000 per cu mm) to very 
; large ones (0.003 per cu mm) have been 
a 


— 


used and found to give almost identical 
fatigue values. 

; The conclusion has tentatively been 
drawn that something other than grain 
size was probably the cause of differences 
in fatigue strengths found and attributed 
to grain size simply because a difference 
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Grain direction per se, in wrought 
aluminum products, has no significant 
effect on the fatigue properties (308). In 
some specific instances, conditions of 
lined-up constituent or highly elongated 
and unhealed porosity have been found 
to affect both the fatigue strength and 
the tensile properties of the material. In 
the absence of such conditions, but with 
pronounced grain flow, the fatigue 
properties are practically the same in 
all directions. 


Inclusions and Voids: 
The particles of intermetallic com- 


‘pounds occurring in aluminum alloys 


are essential in obtaining the high 
tensile properties of the heat-treatable 
alloys. These particles, sometimes er- 
roneously classified as inclusions, appear 
to have no deleterious effects on the 
fatigue properties of the material even 
though much enlarged by agglomeration. 
X-ray examinations of broken fatigue 
specimens show clearly that the fatigue 
cracks nearly always avoid the large 
particles, and the fatigue strengths 
obtained agree very closely with those 
of similar samples in which the particles 
are very small and uniformly dispersed. 
An example of such particles is the 
chromium constituent sometimes occur- 
ring in 75S products (454). Nonmetallic 
inclusions or particles of metals that 
will not alloy with aluminum can affect 
the fatigue strength adversely, depend- 
ing on their size, shape, and location in 
the specimen. 

Internal seams, voids, intergranular 
corrosion, and unhealed porosity will 
have deleterious effects on the fatigue 
properties of aluminum, particularly 
when smooth laboratory-type specimens 
are used. Generally, however, such un- 
desirable conditions are not as effective 
in lowering the fatigue values as the 
stress concentrations resulting from holes, 
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keyways, tool marks, etc. Considerable 
fatigue data are available to substantiate 
this statement. 

Porosity in aluminum castings affects 
the smooth specimen fatigue results, 
but over a wide range of size of voids, 
beyond that occurring in good commer- 
cial practice, it has no definite effect on 


more or less significance, beneficial or 
deleterious, depending on the character, 
amount, and location of the strains. 
Procedures for inducing compressive 
strains by shot-peening, surface rolling, 
and heat treatment are widely and 
successfully used to decrease the tensile 
stresses in parts subjected to repeated 
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Fic. 13.—Effects of Internal Strain on Rotating-Beam Fatigue Strength of 75S-T6. 


the notched specimen fatigue strengths. 
Repair of blow holes and misruns in 
aluminum castings by welding and 
flush-dressing of the welds fully restores 
the fatigue properties if the welds are 
sound and well fused (236). 


Internal Strain: 


The magnitude and distribution of 
internal strains are generally recognized 
as affecting the fatigue strengths of 
metals (153,357). The effects can be of 


loads. These procedures affect aluminum 
as other metals but may require minor 
modifications of the details involved 
when applied to the different alloys, tem- 
pers, and conditions (cast or wrought). 
Each application appears to require 
specific consideration for optimum re- 
sults. 


Laboratory demonstration of what 


can be accomplished by internal strain 
in changing the fatigue strengths of 


severely notched specimens of 75S-T6 
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SAND-CAST ALLOYS 


is shown in Fig. 13. Some of the speci- 
mens were preloaded in tension to 50, 
70, or 90 per cent of their notch tensile 
strengths, thus leaving various unknown 
amounts of residual compressive strains 
at the root of the notch upon release of 
load. Other specimens were likewise 
loaded in compression initially, leaving 
similar residual tensile strains at the 
root of the notch. The ends of the speci- 
mens were then machined to fit the 
rotating-beam fatigue machines and 
tested in the usual manner. The shaded 
scatter band shown in Fig. 13 was 
obtained from notched specimens which 
had not been preloaded. 

From these results, it can be observed 
that the highest preloading in tension 
(residual compressive strains) increased 
the notch endurance limit about 100 per 
cent, and similar preloading in compres- 
sion lowered the notch endurance limit 
about 50 per cent compared to the 
original values. Preloading up to about 
50 per cent of the notched specimen 
tensile strength had little if any effect, 
and 70 per cent preloading gave inter- 
mediate results. 

These results may be helpful in plan- 
ning or interpreting fatigue tests of 
preloaded structural parts which contain 
stress raisers. The data seem to suggest 
that maximum benefits require rather 
severe preloading, probably beyond 
that which could be used practically in 
many structures. In some cases, how- 
ever, preloadings that could be used 
probably would offer worth-while bene- 
fits. Another rather important conclu- 
sion may be drawn from these data: 
internal strains of appreciable magni- 
tude can exist in the material without 
affecting the notch fatigue properties. 


Temperature: 


The aluminum alloys show appreciable 
changes in their fatigue properties with 
temperature. In general, the fatigue 
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properties increase as the temperature 
decreases below room temperature. For 
the higher temperatures, the fatigue 
strengths decrease in amounts depend- 
ing upon the number of cycles, stress and 
temperature. For the larger numbers of 
cycles, beyond 10°, the decreases in fatigue 
strengths of the sand- and permanent- 
mold-casting alloys appear to be negligible 
up to temperatures of about 300 F. Above 
this temperature the decreases are 
greater. The wrought alloys show 
somewhat larger decreases for tempera- 
tures above room temperature. 

The fatigue strengths of all the com- 
mercial aluminum alloys tend to ap- 
proach common values for temperatures 
of about 600 F. Results from a number 
of selected typical aluminum alloys in 
the wrought, sand-, and permanent- 
mold-cast conditions are shown in Fig. 
14. These data were obtained from the 
rotating cantilever-beam type of fatigue 
test, using specimens of the dimensions 
shown in the figure and stressed at the 
rate of 3500 cpm. 

The very few notch specimen fatigue 
data available for the aluminum alloys 
at elevated temperatures indicate that 
the fatigue strength reduction factors 
decrease as the temperature increases. 
As in the case of notch fatigue data at 
room temperature, the numerical values 
are affected by the geometry of the 
specimens used, but probably to a lesser 
extent at the higher temperatures. 

Apparently no shear fatigue or com- 
bined stress fatigue data are currently 
available for aluminum alloys at elevated 
temperatures. 

It is evident that much more fatigue 
data for the aluminum alloys at elevated 
temperatures are needed. 


Size Effect: 


It is necessary, when discussing size 
effect in relation to fatigue test results, 
to first define what is meant by “size 
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effect.” Most investigators of the fatigue 
properties of materials, when considering 
size effect, have in mind differences in 
fatigue strengths obtained using speci- 
mens geometrically similar but varying 
in cross-sectional dimensions. In con- 
trast to this concept, it appears that 
there is a substantial group of engineer- 
ing designers who prefer to include in 
the size-effect category a considerable 
list of factors resulting from the many 
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alloys in various conditions, are needed 
before further conclusions can be drawn 
regarding size effect. Additional work 
should include both smooth and notch 
type specimens. 

Coatings and Platings: 


Products made from aluminum alloys 
invariably have on their surface a 
natural oxide film or coating. These 
coatings can be produced intentionally 


details involved in producing the mate- 
ial, and in the designing and building of 
the machine or structure. The first 
concept should be understood as that 
applying to the discussion that follows. 

Some fatigue data for a few aluminum 
alloys are available, obtained from the 
 rotating-beam type of test, for speci- 
mens varying in diameter from about 
_ $ in. to 4 in. These data are not entirely 
- consistent, but they indicate that there 
is no significant size effect throughout 
the range investigated. Certainly more 
data, extending over a greater size 
- range and involving more aluminum 


50 000 

2 
° 

5S 40000 

= 30000 

RIVETED LAP JOINT SHEET 

~ 

~ 
= ~ 
a 
10 000 

BARE SHEET 

» ALCLAD SHEET 
= 

10? 10° 10° 10° 10° 10” 10° 
= CYCLES 


Fic. 15.—Axial-Stress (R = —1) Fatigue Curves for Bare and Alclad 75S-T6 Sheet and Joints. 


in various thicknesses and with differ- 
ences in their density and structure 
The effects of these coatings on the 
fatigue properties of aluminum vary 
with the different kinds of coatings. In 
general, the thicker and harder coatings 
have the more pronounced effects on the 
fatigue strengths and, in some instances, 
cause significant decreases in the fatigue 
values (306). Where fatigue strength is 
important, the thick sulfuric acid type 
of anodic coatings should be avoided 
and the thin coatings of the chromic 
acid type used. 

Many of the wrought high-strength 
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aluminum alloys are produced in alclad 
form having a core of high-strength 
alloy to which are integrally bonded 
thin layers of pure aluminum or alloys 
of lower strength than the core. Such 
alclad products are essential for maxi- 
mum protection against corrosion, but 
alclad sheet, for example, is found to 
have somewhat lower fatigue strengths, 
as shown in Fig. 15. The magnitude of 
the effects of these coatings on the 
fatigue strengths of the material in most 
practical applications is much less than 
the effects of geometric configurations 
resulting from design or fabrication 
details, as may also be seen from the 
results given in Fig. 15. 

Metallic platings on the aluminum 
alloys may cause some decrease in the 
fatigue properties, depending on the 
kind and character of the plating. 
Some data are available for nickel and 
chromium platings (456). When the 
platings fail first, the fatigue cracks in 
the coatings act as stress raisers in the 
aluminum, resulting in decreased fatigue 
strengths. More fatigue data are needed 
for metallic coatings on aluminum. 


Environmental Protection: 


Most of the aluminum alloys have 
good or excellent resistance to corrosion, 
but none is immune to corrosion attack in 
all environments. Irrespective of whether 
the corrosive action is evidenced by 
pitting or by intergranular attack, the 
fatigue properties are adversely affected 
(23,24,25,28,29,33,35). Protection against 
most of the objectionable environmental 
conditions is adequately provided by 
selection of alloy, use of alclad products, 
anodic coatings, or painting. 

Protection of aluminum against me- 
chanical damage during fabrication into 
machines and structures, as well as 
under service use, is sometimes neglected 
or difficult to attain. The deleterious ef- 
fects of tool marks, nicks, deep scratches, 
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gouges, frettage, and severely deformed — 


parts resulting from misuse or abuse 
have long been recognized and exten- 
sively discussed in the technical litera- 


ture. These undesirable factors affect 


aluminum as they do other metals; 
therefore, they should be avoided, or 


items just mentioned are but a few of 
the many that should be considered 
in effecting proper maintenance of 


TABLE II.—FATIGUE STRENGTH RE- 
DUCTION FACTORS FOR COMMERCIAL 
WROUGHT AND CAST ALUMINUM 
ALLOYS. 


Range of Fa- 
Strength 
eduction 
Factors® 


2 
Nonheat-treatable wrought alloys 
in -H series of tempers........ 2 to3 
Heat-treated wrought alloys..... 14 to 2} 
Sand-cast alloys. .............. 1 tol} 
Permanent-mold-cast alloys. .... 1 to2 
Die-cast 2 to3 


“Values determined from rotating-beam 
tests of notched specimens of the type shown in 
Fig. 5. 

The values given are average values for cycles 
ranging between 10° and 5X 10°. 


structures designed and made to with- 
stand repeated loads for long periods 
of time. 


Stress Raisers: 


The many geometric configurations 
that function as stress raisers in metallic 
constructions are generally recognized 
but often neglected or ignored in design. 
These are the primary causes of the 
majority of fatigue failures. They may 
exist because designers often proportion 
parts to withstand only static loads or 
forces; because they strive to effect low 
cost of manufacture; or because of their 
unwillingness or inability to analyze the 
actual rather than the nominal or 


at least minimized, where fatigue 
strength is important. The specific 
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average stresses occurring in the critical 
parts of the structure under prescribed 
service conditions. Other stress raisers 
may originate during the fabrication of 
structures as well as during service. 

It is desirable, wherever possible, to 
minimize or eliminate stress raisers 
in order to obtain optimum fatigue 
strength. Unfortunately, this cannot be 
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constant for each of the groups of 
wrought alloy products from 10° to 5 
X 108 cycles, but varies appreciably for 
lower numbers of cycles, depending on 
the specific material. The fatigue 
strength reduction factors for the die- 
cast alloy products are about the same 
as those for the wrought products, 
but the factors for the permanent-mold 
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Fic. 16.—Fatigue Strength Reduction Factor (R = 0) for Wrought and Cast Aluminum Alloys. 


done effectively in many cases because 
of the conventional methods used in 
joining the component parts of struc- 
tures. In such instances, stress concen- 
tration or fatigue strength reduction 
factors for the materials considered may 
be helpful to the designers. Fatigue 
strength reduction factors for some of 
the aluminum alloys are given in Table 
II. These are the ratios of the fatigue 
strengths of the smooth and notched 
rotating-beam specimens previously de- 
scribed. The reduction factor is nearly 


and sand-cast alloys are significantly 
lower. 

Rather poor agreement is obtained 
between theoretical stress concentration 
factors and experimental fatigue strength 
reduction factors. Examples are shown 
in Fig. 16. 


FaTiGuE TEests OF MACHINE AND 
STRUCTURAL COMPONENTS AND 
ASSEMBLIES 


Results from fatigue tests of the types 
previously discussed are useful in the 
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development of new alloys and metal- 
producing operations or modifications of 
these items, but generally are not suita- 
ble for direct use by the designer of 
structures. Since the ‘Achilles’ heel” of 
a structure subjected to repeated loads 
is some stress raiser, there is real need 


to those anticipated in service. Correla- 
tion, wherever possible, of the data from : 
these tests with service experience is 
desirable, but such tests can be used 
directly to compare different designs 
and thereby effect improvement in their 
fatigue strengths. 
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for fatigue information concerning the 
various types of stress raisers found in 
actual structures. Data from service 
performance give the best answers to 
fatigue problems, and accelerated simu- 
lated service tests of complete structures 
are probably the next best source of 
answers. Much useful information, how- 
ever, can be obtained from accelerated 
tests of the critical components of 
structures under controlled conditions 
that have some reasonable relationship 


Fic. 17.—Fatigue Strengths (R = 0) of Riveted Double-Strap Butt Joints. 


There are available extensive fatigue 
data from tests of aluminum structural 
components (173,180,195,222,287,325,336, 
486) but not enough to answer all the 
recognized fatigue problems. Some of 
the more significant results from this 
investigational work will be discussed 
briefly. 

The presence of unavoidable but 
severe stress raisers in fatigue tests of 
structures or their components appears 
to minimize or overshadow, at lives 
exceeding about 10° cycles, the effects 
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Fic. 18.—Fatigue Curves (R = — 1) for Various 14S-T6 Specimen Types. 
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of some of the factors, such as alloy and 
surface finish, known to influence 
appreciably the data from tests of simple 
smooth specimens. These stress raisers 
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Various Specimen Types (Alclad 24S-T4). 


include open holes, holes with rivets or 
bolts, screw threads, rough sheared 
edges, and abrupt changes in section, to 
mention only a few examples. The effects 
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of such factors are illustrated in Fig. 17 
where the band of results includes the 
majority of the test results for eight 
plate-fastener combinations. Study of 
the data reveals that little if any consis- 
tent relationship exists between static 
and fatigue strengths at lives exceeding 
10° cycles. The 3S-H14 riveted joints, 
which have low static strengths, have 
fatigue strengths, beyond about 10° 
cycles, equivalent to those of joints with 
over twice the static strength. 

The various types of specimens used 
in component tests have significant 
effects on the fatigue values, as noted 
for the different simple specimen types. 
The results shown in Figs. 18 and 19 
illustrate this observation. 

As in the case of simple notch fatigue 
tests, there is a lack of significant differ- 
ences in the fatigue strengths of the 
joints of the various alloys. This is 
illustrated in Figs. 17 and 20. The 
absence of any significant differences for 
10° or more cycles in the welded joints 
of the aluminum alloys shown in Fig. 20 
is interesting because of the marked 
differences in tensile properties of the 
alloys. The tensile strengths apparently 
influence the fatigue strengths markedly 
for repetitions of load up to about 10° or 
10* times. 

The improvements in fatigue strength 
that frequently can be accomplished by 
design changes are indeed significant. 
Figure 21 illustrates one instance of a 
bolted joint made from a high-strength 
wrought aluminum alloy. Changes in 
the design details of aluminum sand 
castings, however, may cause only slight 
differences in their fatigue strength, as 
shown in Fig. 22. 

Different procedures used in fabrica- 
tion may result in significant variations 
the fatigue strength of structures, a 
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10’. Plotting the data on the basis of 


shown in Fig. 23. Many other details of 
fabrication practices could be cited 
which have pronounced effects on the 
fatigue behavior of structures. Some of 
these are initial loads on bolts and tie 
rods, warpage of welded parts, undesira- 
ble internal stresses resulting from 
misfits and thermal treatments, unfilled 
rivet holes, and omission of fillets or 
corner chamfers. 

The method used in presenting results — 
from fatigue tests of structural com-— 
ponents may affect conclusions drawn 
concerning the merits of various fabrica- 
tion procedures. Different treatments of 
the fatigue data shown in Fig. 24 are 
presented as an example. Two specimen 
types, one a riveted double-strap butt 
joint and the other a welded butt joint 
of 61S-T6 aluminum alloy, are used for 
the illustration. The following relation- 
ships exist between the riveted and 
welded joints: 


Welded Riveted 
Gross area, sq in......... 1.875 1.875 
Net area, sq in.......... 1.875 1.234 


Consideration of the total loads on 
the joints, shown in Fig. 24, indicates no 
differences in fatigue strengths for 10 
cycles or more between the riveted and 
welded joints. For the lower cycles, the 
riveted joint is superior. On the basis of 
load per inch of width, the welded joint 
is significantly better throughout the 
entire range of cycles. When net stress 
is used as a basis for comparison, the 
riveted joint shows the better fatigue 
strengths for various cycles up to about 
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Fic. 20.—Fatigue Strength (R = 0) of Welded Butt Joints. 


(6) Plain-scarf joint. 


cycles. 


> cycles. 


> 620 
4 Fic. 21. a Fatigue Strength by Changes in Design. 75S-T6: 16,000-lb mean load, 


(c) Double-scarf joint. 
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Fic. 22.—Fatigue Strengths (R = 0) for Specimens of 355-T6 Sand Castings. 
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0) of 61S-T6 Welded Butt Joints. 
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Fic. 24.—Various Methods of Presenting Results of Fatigue Tests of Butt Joints. 


gross-area stress, Fig. 24 gives the same 
relationships as those using a total load 
basis because the gross areas are equal. 
This example is intended to emphasize 
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differences in ultimate load-carrying 
capacity may not be accompanied by 
increased fatigue strengths. Such a 
comparison is shown in Fig. 25 where — 
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Fic. 25.—Two Methods of Plotting Fatigue Test Results. 


the importance of the methods used in 
interpreting fatigue results. 

-) Another method often used in present- 
ing fatigue test data is to plot percentage 
of ultimate static load or percentage of 
design load against number of cycles to 
failure. Such a practice can give mislead- 
ing comparative results since large 
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increased ultimate load-carrying capac- 
ity was obtained by changing the method 
of preparing the rivet holes. 

Given typical fatigue data for a 
specific material and similar data for 
structural components of the material, 
fatigue strength reduction factors can 
be determined for various cycles of 


| 

| 

\ 

| 


676 Memoriat LecTURE 


repeated loads. Such reduction factors 
should be helpful to the designers of 
structures where the configuration de- 
tails approximate closely those of the 
components tested. Calculations of 
theoretical stress concentrations fre- 
quently do not give results in agreement 
with experimentally determined reduc- 
tion factors. Some results illustrating 
this fact are given in Figs. 16 and 26. 


3.0 


for a single row of rivets, lap joints have 
about half the fatigue strength of double- 
strap butt joints. The optimum spacing 
of rivets for long life appears to be the 
smallest spacing applicable from a shop 
standpoint—namely, about three times 
the rivet diameter or perhaps a little 
less. For smaller numbers of cycles, the 
optimum spacing appears to be larger. 
High tensile strength steel bolts and 
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Fic. 26.—Comparison of Stress Concentration Factor with Fatigue Strength Reduction Factor. 


Table III presents a number of the 
fatigue strength reduction factors for 
some components made of different 
aluminum alloys. These data may be 
compared with those previously given 
for simple notch specimens, and also 
with those shown in Table IV which 
have been obtained from fatigue tests of 
large components or essentially complete 
aircraft (489). 

A summary of all available data on 
the fatigue strength of aluminum alloy 
riveted joints indicates that, in general, 


properly proportioned flush-head rivets 
appear to function as well as protruding- 
head rivets, as far as tensile fatigue 
strengths of the joints are concerned. 
Hot-driven aluminum alloy rivets are as 
good as cold-driven aluminum alloy 
rivets in this respect. 

Tests of aluminum alloy double-strap 
riveted butt joints, in which mismatched 
rivet holes were simulated by reaming 
the holes and inserting pins while the 
specimen was under load, indicate that 
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TABLE III.—FATIGUE STRENGTH REDUCTION FACTORS FOR STRUCTURAL 


COMPONENTS. 
Fatigue Strength Reduction Factors* 
% | Based on Net-Section | Based on Gross-Section 
Alloy and Temper Specimen Description 8 Stresses at Stresses at 
10 | 105 | 108 10° 10° | 108 | 107 
Single open hole—mono- | 0 | 13/3 | 3 3 | 14/3 | 34] 33 
bloc 
Two open holes—mono- 0 2 2 3/3 
bloc 
Single open hole—mono- 14) 14) 2 2 2 
bloc 
Alclad 14S-T6 
Alclad Riveted lap joint—sheet |—1 | 3} | | 44 | 64 | 44 | 44] 6 8 
Alclad 75S-T6 
Riveted double-strap 0} 3%12)3 |4 5 
butt joint 
Bolted plain-scarf joint 14 | 2 24 3 14 | 2 24 3 
Alclad 14S-T6 
Alclad 24S-T3}------- Riveted box beams -1 24 | 34) 4 23 | 34] 4 
Alclad 75S-T6 


* Fatigue strength reduction factor = 


ratio and lifetime). 


maximum stress for smooth specimen 


maximum stress for test specimen 


TABLE IV.—FATIGUE STRENGTH REDUCTION FACTORS FOR 
TRANSPORT-AIRPLANE WING FAILURES.* 


(at same stress 


Fatigue Strength Reduction Factors® 


Load Ratio, R 
Corner of Inspec-} Riveted Tension] Riveted Shear Cutout Miscellaneous 
tion Cutout Joint Joint Reinforcement | Discontinuities 
3.8-4.6 2.2-2.4 3.0-3.7 3.8-4.1 3.2-5.2 


® Results from Technical Note No. 3190, Nat. Advisory Comm. Aeronautics, 1954. 
maximum stress for smooth specimen 


> Fatigue strength reduction factor = 


(at same load ratio and antes. 


maximum measured stress near stress raiser of test specimen 
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the stresses introduced by such fabrica- 
tion cause an appreciable reduction in 
fatigue strength. Static preloading of a 
joint with simulated mismatched rivet 
holes to 88 per cent of net-section yield 
strength improved the fatigue strength 
of the joint but not enough to equal that 
of a joint without mismatch. These facts 
are presented in Fig. 27. On the other 
hand, static preloading of carefully 


the major aircraft manufacturers have 
made some fatigue tests of components, 
although many of the results from these 
tests have not been published. If this 
information could be summarized and 
made available, it should be useful to 
designers in improving the lives of 
aircraft. 

Several investigators have reported 
the results of fatigue tests of actual struc- 


60000 
AN DIAM RiVETS~ 
40 000 \ 
— 
\ t 
“ DOUBLE-STRAP BUTT JOINT 
30 000 N 
a Ne 
= 20000 
3 N 
= 
© SPECIMENS WITHOUT SIMULATED MISMATCH 
10 000 @ SPECIMENS WITH SIMULATED mISMATCH = 
@ SPECIMEN PRELOADED AFTER SIMULATED 7 
MISMATCH 
a 
10 10? 10° 10° 10° 10” 10° 


CYCLES 


Fic. 27.—Effect of Mismatch on Fatigue Strength (R = 0) of 14S-T6 Riveted Joints. 


fabricated riveted joints up to about 
90 per cent of their ultimate tensile 
strengths (about equal to the net- 
section yield strength) has not shown 
any significant improvement in fatigue 
strength, although there is some evidence 
that higher preloads may be beneficial 
to the fatigue life of such a joint. 

The remarks just made concerning 
riveted joints of aluminum are believed 
typical of the information that can be 
obtained from fatigue tests of structural 
components. It is known that most of 


tures (290,402,405,422,423,461,465). For 
those cases in which comparisons 
can be made on the basis of stress 
rather than percentage of ultimate or 
design load, reasonable agreement is 
found between the results of component 
tests and structural tests. 


SUMMARY 
The investigational work on the 
fatigue properties of aluminum alloys 


that has been going on continuously 
during the past 35 years has provided 
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extensive information on the behavior of 
these alloys under conditions of repeated 
stress. The data available, however, are 
not of sufficient scope to answer all the 
fatigue problems that have occurred. A 
better knowledge of states of combined 
stress, repeated shear stresses, and 
various stress-raiser configurations—all 
at both room and elevated temperatures 
—is needed. 

Much progress is now being made 
toward a better understanding of the 
fundamental mechanism of the fatigue 
phenomena in metals, particularly for 
aluminum. It is expected that this 
knowledge will be helpful in efforts to 
improve the fatigue strengths of metals. 

Although the simple smooth and 
notch-type laboratory fatigue specimens 
give useful information, results from 
them are not directly applicable by 
designers in most instances. 

Much progress has been made in 
evaluating the fatigue properties of 
aluminum-alloy structural components, 
the relative merits of different geometric 
configurations, and fabrication proce- 
dures, but the problems in this category 
are legion. 

Some expensive fatigue tests have 
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been made on actual structures with 
rather gratifying results. Reasonable 
correlation between the component and 
complete structure test data has been 
found, but closer agreement is desired. 

Much better correlation of all the 
various kinds of accelerated fatigue tests 
with actual service behavior of machines 
and structures is desired. This appar- 
ently will require many years. Mean- 
while, fatigue strengths of structures 
and their components can be improved 
in many instances by use of the infor- 
mation from comparisons of different 
designs of components. This appears to 
be a valid conclusion irrespective of 
whether aluminum or other metals are 
used. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON EFFECT 
OF CYCLIC HEATING AND STRESSING ON 
METALS AT ELEVATED TEMPERATURES 

Sessions Twenty-seven and Twenty-eight of the Fifty-seventh Annual 


Meeting of the Society held in Chicago, IIl., on June 17, 1954, were devoted _ 


to the Symposium on Effect of Cyclic Heating and Stressing on Metals at 
Elevated Temperatures. It was sponsored by the Joint Committee on Effect 
of Temperature on the Properties of Metals. Of the eight papers, two cover 
various theoretical aspects, three discuss creep and rupture data, two present 
intermittent load and temperature data, and the final paper deals with the 
effect of cyclic temperature on the scaling behavior of heat-resisting alloys. 
The following papers were presented: 


Introduction—D. N. Frey 

What We Need to Know About Creep—John E. Dorn and Lawrence A. 
Shepard 

The Problem of Thermal Stress Fatigue in Austenitic Steels at Elevated 


e- Temperatures—L. F. Coffin, Jr. 


af 


Effect of Temperature Cycling on the Rupture Strength of Some High-Tem- 
perature Alloys—James Miller 

Experiments on the Effects of Temperature and Load Changes on Creep Rup- 
ture of Steels—G. V. Smith and E. G. Houston 

Effects of Cyclic Overloads on the Creep Rates and Rupture Life of Inconel 
at 1700 and 1800 F—R. H. Caughey and W. B. Hoyt 

The Creep-Rupture Properties of Aircraft Sheet Alloys Subjected to Inter- 
mittent Load and Temperature—G. J. Guarnieri 

Constant and Cyclic-Load Creep Tests of Several Materials—Ward F. Sim- 
mons and Howard C. Cross 


The Effect of Composition on the Scaling of Fe-Cr-Ni Alloys Subjected to 


Cyclic Temperature Conditions—H. E. Eiselstein and E. N. Skinner 
Summary—D. N. Frey 


The papers and discussions were issued as ASTM Special Technical Publi- 
cation No, 165 entitled “Symposium on Effect of Cyclic Heating and Stress- 
ing on Metals at Elevated Temperatures.” 
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It has been long recognized that fatigue 
failure of a ductile metal is a consequence 
of repeated plastic movements (slip) 
inside the crystalline structure (1, 2). 


t+ Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

* This investigation was carried out at the 
Metallurgical Department, University College 
of Swansea, Great Britain. 

1 Armzen Co., Waterbury, Conn.; formerly, 
1.C.I. Research Fellow, University College of 
Swansea, Great Britain. 

2?The Small Tools Manufacturing Co. of 
India Ltd., Calcutta, India; formerly, Research 
Student, University College of Swansea, Great 
Britain. 

3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 712, 


SOFTENING OF CERTAIN COLD-WORKED METALS UNDER 
—_ THE ACTION OF FATIGUE LOADS{* 


By N. H. PoLakowskr! AND A. PALCHOUDHUR? 


SYNOPSIS 


There is a widespread belief that fatigue of ductile metals is invariably : 
associated with progressive strain-hardening. Although this is true for initially : 
unstrained metals, the results now reported show that with initially cold- 
worked metals the opposite is more likely to be the case. Instead of becoming 
work-hardened still further compared with the initial condition, such metals 
may soften gradually under the action of fatigue loads. 
In these experiments, copper, nickel, aluminum, and three of their alloys 
as well as a nonaging titanium-killed steel were first cold-drawn 20 to 40 per 
cent to 0.2 in. in diameter and later were subjected to alternating tension- 
compression fatigue stressing at frequencies from 5500 to 9500 cpm. Compres- 
sion tests and Vickers hardness determinations on the fatigued specimens 
showed more or less pronounced softening in each case. _ 
These observations are discussed in the light of previous work on the Bausch- 
inger effect and its manifestations. An interpretation of the present findings 
is offered on a pure stress-strain basis. It is suggested that fatigue failure of a 
cold-worked metal may be attributed to the breakdown of the initially high 
elastic properties under cyclic strain and to the semi-plastic behavior de- 
veloped thereby. The cyclic plastic flow would facilitate the coalescence of 
vacant lattice sites into larger holes, which may act as crack embryos. 
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This thoroughly proven fact provided _ 
the physical basis for different theories 
of fatigue advanced during the past 
half century. It is notable that it was 
commonly assumed in these theories 
that failure by fatigue is accompanied 
by, or is a consequence of, progressive 
work-hardening (3, 4, 5). For instance, 
Orowan’s semiquantitative theory (6) 
with its zig-zag diagrams relied explicitly 
upon the universal validity of this basic 
concept. The same assumption was made 
by Afanasiev (summarized in (7)) and 
more recently by Freudenthal and Dolan 
(8). 

However, a reference to the various _ 
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sources just enumerated indicates that 
the assumption was based exclusively on 
experience gained from fatigue tests on 
initially soft metals, that is, hot-worked 
or annealed. Such metals were found 
to harden slightly under the action of 
alternating stress cycles; their originally 
low elastic limits, yield points, indenta- 
tion hardness numbers, and, to a lesser 
extent, tensile strength values were 
increased when compared with the un- 
strained condition (9-12).4 

So far as the permanent changes caused 
by cyclic strains in initially cold-worked 
metals are concerned, previous investiga- 
tions were mainly devoted to X-ray 
studies (13-16). Their results seemed to 
indicate some retrogression of the work- 
hardened condition, the originally 
blurred diffraction rings again becoming 
sharp after cyclic stressing. 

Static mechanical tests were seldom 
employed for this purpose, and it ap- 
pears that only Czochralski and Henkel 
(10) have published somewhat systematic 
tension test results on fatigued alumi- 
num, copper, and iron in both the an- 
nealed and cold-drawn condition. There 
was a conspicuous difference between the 
two sets of results. The proportional 
and yield limits (0.001, 0.01, and 0.2 
per cent offset) of the annealed speci- 
mens rose significantly in proportion 
to the stress amplitude or the number of 
cycles applied. On the other hand, and 
disregarding the rather considerable 
scatter of the resultant points, the tensile 
properties of the as-drawn materials 
remained essentially unaffected by the 


‘Carbon steel with a well-developed dis- 
continuous yield represents in one respect an 
exception from this rule: its yield point is being 
depressed by fatigue stressing in spite of the 
fact that its matrix becomes distinctly harder 
(9, 11, 13). This peculiarity will be disregarded 
in this paper as being of secondary importance 
for the general argument of the present work 
which is concerned solely with metals showing 
a smooth, continuous extension curve in the an- 
nealed condition. = 


POLAKOWSKI AND PALCHOUDHURI 


fatigue stressing. It may be pointed out 
in this connection that the utilization 
of a rotary bending fatigue tester in the 
above work (10) was perhaps unfortunate 
since the maximum cyclic strain was 
imposed only on the outer skin, the 
interior of the specimen remaining 
relatively little affected. In that way 
any characteristic changes brought about 
by fatigue were “diluted” and could not 
be detected in the subsequent tension 
test, especially in view of the experi- 
mental scatter referred to above. 

A number of other researches were 
concerned with the effect of fatigue on 
the residual stresses left in steel and in 
one or two other metals after preceding 
cold deformation or heat treatment 
(17). These have shown that the resid- 
ual stresses fade away under the influ- 
ence of cyclic stresses, thus indicating 
that fatigue is accompanied by plastic 
flow. It seems unlikely that the latter 
should leave the structure of the metal 
unaffected and that the static properties 
before and after cycling should be the 
same. 

It was thus the purpose of this work 
to re-examine the effect of fatigue loads 
upon the static mechanical properties 
of several common metals in the cold- 
worked condition. In order to accentuate 
such changes as may possibly occur, 
alternating tension-compression stress- 
ing was employed instead of reversed 
flexure. Since incipient fatigue cracks 
were likely to influence the tensile 
properties and to obscure the actual 
changes in the matrix outside the crack 
area, the tension test was replaced by 
compression and hardness tests. The 
types of stresses generated in a metal 
cylinder by axial compression are such 
that the over-all resistance to compres- 
sion is hardly affected by micro- or even 
macrocracks appearing substantially un- 
der right angles to the specimen axis. 
All the experiments were performed on 
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rods in the as-drawn condition, thereby 
securing identical systems of residual 
stresses in each series of specimens. 
Although caution must be exercised 
before applying the following evidence 
to metals other and more complex than 
those investigated, the results reported 
indicate that initially work-hardened 
metals soften rather than harden still 
further under the action of fatigue 
strains. Their behavior is thus analogous 


TABLE I.—LIST OF MATERIALS 
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However, since this occurred only after — 
plastic extension (but not after cold- — 
drawing) and outside the range of 
temperatures which were observed in 
these experiments, the phenomenon was 
of no practical significance in this work. 

The available fatigue testing machine 
could accommodate both screw-headed 
and straight wire specimens up to 0.2 
in. in diameter. For the reasons already 
explained, cold-drawn rods (annealed 


USED IN THE EXPERIMENTS. 


| 
95-5 20 Alumi Al+ 1.2 | per, 
\Copper A*| _ Tin- Cupro- (99.0 per 
Bronze | Nickel cent Al) | Mn Alloy | Fei gicei 
ConpDITION: AS-DRAWN 
so isncweawainnmsnene Ci1-41 | C3-32 | C4-27 | N1-20 | Al-36 | A2-36 | T1-39 
Cold-drawn, per cent......... 40.6 31.5 | 27.3 20° 35.9 35.9 39.0 
eee 0.200 | 0.189 | 0.201 0.200 | 0.200; 0.200} 0.199 
Tensile strength, psi......... 56 000 | 88 200 | 85 100 | 70 300 | 20 000 | 22 800 | 76 400 
Elongation in 4in., per cent...| 3.8 5.9 2.5 5.5 Pt 3.9 4.8 
ConpITION: ANNEALED 
Annealing temperature, deg 
Annealing time, hr........... 4 4 4 
Tensile strength, psi.........| 32 200 | 51 300 55 500 
Elongation in 4 in., per cent...| 47.8 63.0 39.3 


@ Copper B from different supplier and drawn 27.6 per cent gave results (not reproduced) similar _ 


to the A quality. 


+’ Estimated value; material described by supplier as ‘‘half-hard.” 


to that of hard-drawn or rolled products 
which were straightened by reversed 
bending (18). 


EXPERIMENTAL MATERIALS 
AND PROCEDURE 


Materials: 


In order to avoid any disturbing 
effects caused by aging phenomena, 
only single phase, nonaging metals and 
alloys were used. Of these, the 95-5 
phosphor-bronze and the “nonaging” 
0.12 per cent carbon, 0.72 per cent 
titanium steel nevertheless did oc- 
casionally show certain aging features 
in the form of a small yield serration. 


when necessary) were used throughout. _ 
Details of the materials are contained 
in Table I. 


Cyclic Stressing: 


Cyclic stressing was carried out on an 
Amsler “Vibrophore’” tension-compres-_ 
sion fatigue tester of +1 metric ton load 
capacity and a frequency range of 
about 5000 to 10,000 cpm.® The free 
length of the specimen between the 
grip faces was 0.75 in. A frequency of 
about 5500 cpm was used in most tests, 
but with materials C1-0, A1-36, and 


5A description of the machine is given on 
p. 85 of Cazaud’s book (19). 
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A2-36 the maximum attainable speeds difficulty was obviated by fitting one 
of 9200 cycles per min for copper and end only of the soft copper or aluminum 
7800 for aluminum were employed. It rod into the head outside the machine, ; 
has been found that with these relatively the other end being left unmounted. 
soft metals the machine could be ad- Both gripping heads were then fixed on 
_ justed and operated more easily at top the machine, and the lowering and 
_ speed setting. tightening-up of the upper head on the 
__ The specimens were normally fastened projecting end of the test rod was done 
in the gripping heads on a special jig in situ. 


Al-36 A2-36 


Load, Ib 


04-27 
Ci-41 
2200 \ 


C3-32 


2 3 
Extension, in per 4in 
Fic. 1.—The Effect of Four Reversed Bending Cycles on Tensile Properties of Some of the Ex- 


perimental Materials in the As-Drawn Condition. a—As-drawn; b—after reversed bending over the 
diameters indicated. 


supplied with the machine in order to 
eliminate misalignment and consequent 
bending of the rods during clamping. 
However, since the two relatively 
heavy heads (about 3 Ib each) were held 
together by the slender 0.2-in. diameter 
specimen, it was not always easy to 
prevent some of the softest test rods 
- from being bent accidentally during the 
transfer of the assembled test unit from 
the jig to the fatigue machine. This 


Some of the fatigue runs were per- 
formed at a constant amplitude but with 
different numbers of cycles applied to 
each specimen in one series. Alterna- 
tively, the stress was varied from one 
test to the other while the number of 
cycles remained approximately constant. 
Each series consisting of 4 to 6 speci- 
mens cut from the same rod was carried 
out at least in duplicate, but usually in 


triplicate. 
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Compression Tests: 


Some of the reasons for the preference 
given in this work to compression tests 
were indicated above. This testing 
method has also the advantage of ex- 
cellent reproducibility, all the different 
readings obtained from several similar 
specimens falling smoothly on a single 
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tension tests on them would have been 
difficult to perform. 

When cyclic prestressing was com- 
pleted, the specimen was removed from 
the fatigue tester and its central, active 
portion was sawed off carefully. The 
ends were faced on a small precision 
lathe and then finished on 0 polishing 


24000 


Stress, psi 


1.00 1.10 1.00 


Compression, * ho/h 


Curve 1—as annealed 


+ 20,000 cycles of +7370 psi 


2—annealed 
a : 3—annealed + 250,000 cycles of +7370 psi 
4—annealed + 28,000 cycles of +10,400 psi 
S—as drawn 
6—drawn + — 6000 cycles of +28,500 psi 
7—drawn + 273,000 cycles of +28,500 psi 


8—drawn + 83,000 cycles of +29,400 psi 
9—drawn + 317,000 cycles of +29,400 psi 


Fic. 2.—The Effect of Alternating Tension-Compression Fatigue Stresses on Static Compres- 
sion Properties of Annealed (Curves 1 to 4) and Cold-Drawn (Curves 5 to 9) Copper. 


curve, practically without scatter. Fur- 
thermore, a compression test can be 
made with ease on a portion of a speci- 
men that fractured in the course of a 
fatigue run since a small cylinder can 
be cut off from one of the two halves of 
the broken sample. Finally, in view of 
the small dimensions of the active part 
of the fatigued rods in these tests (0.75 
by 0.2 in.), accurate and reproducible 


1.10 


pes 


paper. In this way a small cylinder was 
obtained, its height being about twice 
its diameter. This was compressed in 
small stages on a hand-operated Amsler 
weight pendulum machine by using | 
0.5, 1, or 2.5 ton (1 ton = 2240 Ib) 
load ranges, depending on the material | 
tested. The ends of the specimen were 
greased after each load application with 
a commercial mixture of fine graphite 
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48000 
12000 / 40000 
ci-0 
-, 
- ¥ 32000 
1.20 
€ 
0 
- 


1.10 1.00 1.10 W200 
Compression, = hy /h 


Curve 1—as annealed 
2—annealed + 280,000 cycles of +21,900 psi 
3—annealed + 38,000 cycles of +30,600 psi + 
4—as drawn 
5—drawn + 3,125,000 cycles of +32,000 psi 
rawn + 100,000 cycles of +43,700 psi 
7—drawn + 237,000 cycles of +43,700 psi 


@ Fic. 3.—The Effect of Alternating Tension-Compression Fatigue Stresses on Static Compres- 


sion Properties of Annealed (Curves 1 to 3) and Cold-Drawn (Curves 4 to 7) Nickel. 


66000 T T T T T T 
C3-32 C4-27 
4 90000 
5 
44000}- 6 
7 
67500 
22000 ° 
0.10 0 0.10 0 010 
Compression, A ho/h 
Curve 1—as annealed 
2—annealed + 473,000 cycles of +25,500 psi 
3—as drawn 
a" « 4—drawn + 73,000 cycles of +57,300 psi 
yer drawn 


6—drawn + 86,000 cycles of +48,600 psi 
7—drawn + 102,000 cycles of +51,500 psi 


Fic. 4.—The Effect of Alternating Tension-Compression Fatigue Stresses on Compression Prop- 
j erties of Annealed or Cold-Drawn Phosphor-Bronze (Curves 1 to 4) and Cold-Drawn Cupro-Nickel 


(Curves 5 to 7). 
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powder and castor oil. The load was 
kept on the specimen for 1 min, and 
the height of the cylinder was measured 
by means of a 25-mm micrometer with 
0.0i-mm_ graduations. Identical tests 
were performed on the same metals in 
the as-drawn (or annealed) condition, 


27000 


24000 


21000 


Stress, psi 


15000 | 


1.00 1.10 
Compression, ho/h 


Curve i—as drawn 
—drawn + 192,000 cycles of -13,200 psi 

3—as drawn 
4—drawn + 50,000 cycles of 14,600 psi 
5—drawn + 41,000 cycles of +16,100 psi 


Fic. 5.—The Effect of Alternating Tension- 
Compression Fatigue Stresses on Static Com- 
pression Properties of Cold-Drawn Commercial 
Aluminum and an Aluminum + 1.2 per cent 
Manganese Alloy. 


without subjecting them to alternating 
stressing. 

From the initial cross-sectional area 
and the measured loads and heights, it 
was possible to compute the actual or 
“true” compressive stress. As a measure 
of deformation the ratio Mp : h (initial 
height : instantaneous height of speci- 
men) was employed throughout. From 
this ratio, the percentage compression 


4 On CoLtp WorK AND FATIGUE 707 


can be calculated as 100 X (A — 1)/A, 
in which \ = ho : h. The logarithmic or 
“true” strain is ¢ = In A. 


EXPERIMENTAL RESULTS 


Before commencing the main experi- 
ments, exploratory tests were performed _ 
on the available metals. These tests : 
consisted in bending the cold-drawn 
materials several times to and fro over 
cylinders of 1.75 to 36-in. diameter and 
pulling them to fracture afterwards. A 
selection of the extensometer records 
obtained is shown in Fig. 1. 

As could be expected (18) the re-— 
versed bending treatment resulted in 
an appreciable depression of the stress 
values at which large plastic deforma- 
tions began. In most cases this change 
was accompanied by an increase of the _ 
elongation to fracture. 
,' There was no obvious reason to 
anticipate that fast stress reversals 
should give fundamentally different — 
results from those above. This expecta-_ 
tion was confirmed by all the experi- — 
ments made, as will be seen from the 
selection of typical compression diagrams 
shown in Figs. 2 to 6. 

Even though differing in magnitude 
from one metal to the other, the effect of 
an application of a sufficient number of 
stress repetitions was always in the 
direction of reducing the resistance to 
subsequent plastic compression. Par- 
ticularly conspicuous changes can be 
observed on copper (C1-41), nickel 
(N1-20), and the titanium steel (T1-39). 
Due to the limitations of the equipment 
it was not possible to follow up with 
sufficient accuracy the _ stress-strain 
relations in the elastic-plastic range 
around and below 0.1 per cent com- 
pression. It has been observed, however, 
that the as-drawn specimens showed 
very little creep under static load and a 
virtually steady condition was reached 
quickly. The drawn and afterwards 


A2-36 | 
a” 
Al-36 
18000} 
— 


“cycled” metals behaved differently and 
exhibited substantial creep throughout 
the static test even at low loads. This 
creep did not approach even a reason- 
able standstill after the 1-min period 
provided for each load application. 
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initially annealed or cold-worked, the 
change of the static stress-strain prop- 
erties was the more pronounced the 
larger the number of cycles applied 
and the higher the cycle amplitude. Of 
these two factors the amplitude was 


TI-39 


o 
° 


Stress, psi 
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Steel. 


As opposed to the softening effect of 
fatigue on initially hard-drawn metals, 
the application of a similar treatment to 
the same metals in the soft-annealed 
condition invariably resulted in strain- 
hardening. This is clearly demonstrated 
by the sequence of the compression 
curves of materials Ci-0 (Fig. 2), 
N1-0 (Fig. 3), and C3-0 (Fig. 4), and 
the observation agrees with all previous 
evidence. 

Irrespective of whether the metal was 


1005 1.05 110 
Compression, A= ho/h 
Curve 1—as drawn 
—drawn + 50,000 cycles of 48,100 psi 


3—drawn + 9000 cycles of +51,300 psi 
4—drawn + heated at 500 C for 1 hr 


Fic. 6.—The Effect of Alternating Tension-Compression Fatigue Stresses and of a Low-Tempera- 
ture Heat Treatment on Static Compression Properties of a Cold-Drawn Low-Carbon Titanium 


the more potent, and a small alter- 
ation of the cyclic stress range was more 
critical for the final effect than varying 
the number of cycles over quite a wide 
range. 

The cyclic stress amplitudes were 
normally unsafe but, with a few excep- 
tions, the numbers of stress applications 
in the different fatigue runs were not 
sufficient to result in a complete fracture. 
Also, the thermal effect due to the dis- 
sipated damping energy was usually 
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small. Only the cupro-nickel (C4-27) 
and the titanium steel (T1-39) showed 
considerable heating, and whenever the 
temperature of the specimen rose to 
100 to 120 C, the machine was tempo- 
rarily stopped to allow the metal to 
cool down. 
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and 7 indicate that such heating tended — 


to increase rather than reduce the re- 


sistance to compression and could not 
account for the observed softening of 
the work-hardened materials. 

Finally, a number of Vickers diamond — 
hardness tests was performed on the 
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Compression, 4 = ho /h 
wn; @—drawn and fatigued (maximum softening); A—drawn and heated at 150 C 


Condition of material: O—as d 
for 2 hr; A—drawn and heated at 220 C for 2 hr. 


Fic. 7.—Comparison of the Relative Effects of Low-Temperature Heat Treatment and of Fatigue 
Stressing on Compression Properties of Cold-Drawn Nickel (N1-20), Bronze (C3-32), and Cupro- 


Nickel (C4-27). 


TABLE II.—CHANGES OF VICKERS HARDNESS (DPH) OF THE COLD- DRAWN 7 


1.10 1.20 100 1.10 2a 


RODS CAUSED BY FATIGUE STRAINS. 


Al-36 A2-36 C1-41 C3-32 C4-27 N1-20 T1-39 
Indenting load, kg........... 2.5 2.5 5 10 10 10 10 } 
Diamondy pramid hardness, as 
40.0 46.5 118 191 155 187 190 
Diamond pyramid hardness 
after cyclic strain (maximum 
SR SA 37.5 43.5 97 188 148 164 174 q 


In order to assess the possible effect 
of a moderate temperature increase of 
the specimen upon its compression 
properties at room temperature, a low- 
temperature heat treatment of 2-hr 
duration was applied to some of the 
experimental metals. The appropriate 
compression curves shown in Figs. 6 


specimens before and after cycling. The 
main results are summarized in Table 
II, each value representing an average 
of ten readings taken at random on the 
periphery of the specimen. These figures 
again confirm that the drawn rods were 
softened by the fatigue loads to a greater 
or lesser extent. ; 
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DISCUSSION 


Based on the concepts in a previous 
paper (18), the reported findings may 
thus be interpreted in the following 
manner: 

An alternating stress which is ac- 
companied by plastic flow produces in 
an initially unstrained metal certain 
structural changes, the extent of these 
changes being determined by the type 
of. loading (direct stresses, reversed 
flexure, or torsion) and its amplitude. 

_ These changes are progressive and they 
lead eventually to a certain limiting 
-work-hardened condition. This condi- 
tion is attained after a finite number of 
load cycles and, due to the Bauschinger 
effect, it does not alter afterwards except 
i reversible, noncumulative variations. 

It is now postulated that stress cycles 
of a given type and amplitude should 
tend to produce a specific condition (as 

_ defined above) irrespective of the 
- initial work-hardened condition of the 
metal being fatigued. Thus, for fixed 
cycle parameters, an initially soft ma- 
terial must gradually work-harden until 
a definite final hardness level is attained. 
However, if the same metal was initially 
cold worked by some static method to a 
hardness level higher than the preceding 
_ maximum, then the same cyclic stress 
could result only in a softening effect. 
_ From the above it does not necessarily 
- follow that a heavily strain-hardened 
metal must soften to such an extent as 
to reach a “limiting condition” appro- 
priate for some comparatively low 
amplitude of alternating stress. The 
effect actually observed in this work 
was much less than that, but a definite 
trend in the right direction could be 
clearly recognized. 
As long as the fatigue stress applied 
to a cold-worked metal is much lower 
_ than the static yield stress, the plastic 
4 component of each cycle is very small 
and so are the attendant structural 
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changes. In effect the rate of softening is 
very small indeed, if at all detectable. 
With increasing amplitude of the cyclic 
stress, the plastic component grows 
rapidly and the rate of softening is thus 
enhanced, the resultant depression of 
the static yield point becoming more 
conspicuous. This explains why more 
softening is obtained when the cyclic 
stress amplitude is increased and also 
why an increase of the number of cycles 
of constant amplitude has less influence 
in this respect. 

It has been suggested in the previous 
paper (18) that the relatively small 
improvement of fatigue strength 
achieved by cold-working of various 
single-phase metals and alloys (mainly 
non-ferrous) may be due to their gradual 
softening under fatigue loads. 

Quite recently, Hempel and Houdre- 
mont of the Max-Planck Institute at 
Diisseldorf followed independently an 
identical path of thought, after having 
found that progressive cold working 
by increasing amounts of stretching does 
not raise the fatigue limit of a titanium- 
stabilized 15-27 type chromium-nickel 
steel (16). The possibility of gradual 
softening of this stable austenitic ma- 
terial was considered but no positive 
proof to this end could be obtained 
from comparison of the tensile strengths 
before and after fatigue. However, 
those authors admitted that the last 
results were inconclusive, and further 
work on these lines was contemplated. 

The behavior of the 15-27 steel was in 
marked contrast to that of two carbon 
steels and of an 18-8 type unstable 
austenitic steel, where prestretching 
resulted in a substantial increase of the 
fatigue strength. With this in view, it is 
plausible to assume that the improved 
fatigue properties could primarily be a 
result of strain-aging in the carbon 
steels and of the y — a@ transformation 
in the 18-8 alloy, since both of these 
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factors act in the direction of strength- 
ening the metal independently from the 
net effects of the cold-working process. 

On the whole, the experiments re- 
ported in the present paper seem to 
support the contention that cold work- 
ing by itself may be of lesser importance 
in raising the fatigue limit of a metal 
than the attendant, extraneous effects 
(such as strain-aging or phase trans- 
formation). However, even at its best, 
the existence of the softening phenome- 
non may represent a necessary but not a 
sufficient condition for the soundness 
of the above idea. Further experiments 
are needed in order to determine in the 
first place whether or not the incidence 
of strain-softening is associated only 
with cyclic stresses in excess of the 
fatigue limit. If circumstances permit, 
work along these lines may be under- 
taken in the future. 


CONCLUSIONS 


The old hypothesis associating a 
fatigue failure of a ductile metal with 
extreme strain-hardening certain 
micro-regions of the matrix was never 
supported by direct experimental proof. 
It represented rather an arbitrary, 
though plausible extrapolation and 
generalization of the fact that ductile 
metals in the soft condition become 
work-hardened to a limited extent when 
subject to fatigue stressing. The present 
results neither support nor positively 
controvert this concept insofar as ini- 
tially soft metals are concerned. They 
do indicate, however, that it is very 
unlikely to apply in the case of originally 
cold-worked materials since the latter 
show a distinct over-all softening under 
fatigue loads. The idea that a general 
softening may nevertheless be ac- 
companied by “extreme strain-harden- 
ing” in some isolated regions appears 
to be very farfetched indeed. | 

It is suggested that in the second 
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case a fatigue fracture is originated as 
a result of the gradual breakdown under 
cyclic strain of the initially high elastic 
(or quasi-elastic) properties acquired 
by the metal as the result of initial cold- 
working. Consequently, the plastic com- 
ponent of the cycle increases gradually 
instead of being attenuated. Under these 
circumstances the initiation of the 
fatigue crack is evidently associated not 
with exhaustion of ductility (or plas- 
ticity) by progressive work-hardening 
but rather with the semiplastic condi- 
tion developed by the action of the 
alternating strains. 

It seems probable that the increased 
mobility of the elements of the atomic 
fabric of the metal enables various vacant 
lattice sites existing inside the crystalline 
structure to migrate and accumulate 
gradually until they form relatively 
large voids (20). The gradual growth of 
such voids to a size of a crack embryo 
can be well visualized without the 
necessity of postulating strain-hardening 
effects in its immediate surroundings. 

The question of whether or not fatigue 
is accompanied by partial recrystalliza- 
tion (21, 22) does not appear to be of 
basic importance for the mechanism 
suggested above. If it does occur in 
certain isolated cases (22), it may well 
represent an incidental rather than 
fundamental factor in fatigue. _ 
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Mr. Georce R. Goun.'—There are 
many theories on the mechanism of fa- 
tigue, most of which have been dis- 
carded. Probably the one which is most 
widely held by people working in the 
field of fatigue today is the theory of pro- 
gressive strain-hardening as a result of 
slip and work-hardening. However, this 
theory does not explain all of the ob- 
served phenomena. 

In a paper presented before this 
Society by J. N. Kenyon on rotating- 
beam tests on copper wire,’ he reported 
that he had found islands of a soft mater- 
ial in a harder matrix when he performed 
fatigue tests on hard-drawn copper wire. 
The present authors have shown that 
these conditions prevail not only in 
copper but in other materials as well. 

In explanation of this, the closing sen- 
tence of the authors’ synopsis postulates 
a hypothesis which is held by physicists 
today, namely, that fatigue can be 
explained in terms of dislocations. The 
dislocations tend to pile up at discon- 
tinuities, at imperfections in the metal, 
at inclusions, or even in structures where 
there are hard and soft grains. The dif- 
ference in hardness of these grains may 
provide the obstruction against which 
the dislocations pile up, and this even- 
tually leads to fatigue failure. 

Further exploration of the author’s 
findings might lead to a more rational 
explanation of what Mr. Horger has 

1 Supervisor, Creep and Fatigue Laborator- 
ies, Bell Telephone Laboratories, Inc., New 
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Drawn Copper to Soft Condition Under Variable 
Stress,” Proceedings, Am. Soc. Testing Mats., 
Vol. 50, p. 1073 (1950). 
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referred to in connection with his tests 
on large and small size specimens. I 
would commend those who are interested _ 
in the theory and mechanism of fatigue 
to explore this in greater detail. 

Mr. T. J. Dotan.*—This is a very 
interesting paper that brings out some > 
very unusual phenomena which have not 
been well recognized in the past. It 


raises a number of questions that needa 
good deal of further work before they — 


can be answered. 

Can the authors tell briefly why the — 
cold-drawn material behaves 
from the annealed material? It would 


seem that an explanation based on the _ 


phenomena of slip dislocation and ac- 
cumulation of dislocations would apply 

equally as well to the annealed metal as — 
to the cold-drawn material; the gradual — 
growth of voids by accumulation of dis-— 
locations is a process that could be ex-— 


pected in both. Just what is the mecha- _ 


nism in the annealed material that 
raises its stress-strain curve, whereas, the 
cold-drawn material has its stress-strain — 
curve lowered by the same migration of 
the various dislocations involved? 
Mr. Frank A. McC iintocx.’—The 
authors suggested that further experi-— 
ments are needed in order to determine | 
whether or not the incidence of strain- 
softening is associated only with cyclic 
stresses in excess of the fatigue limit. If 
such experiments show that softening 
occurs only under stresses above the 
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endurance limit, then Orowan’s theory of Mr. L. F. Corri, JR.° (by letier).—The at 
fatigue’ has not been disproved. For subject matter of this paper relates very col 
work-hardening was involved in this closely to an investigation carried out at de 
theory only to show how the endurance _ the Knolls Atomic Power Laboratory and th 
ver =a limit can be above the stress at which reported recently.®- " In that study the str 
* 4 plastic flow occurs. If there were no fatigue behavior of type 347 stainless rel 
barca work-softening below the endurance steel was investigated both under con- th 
E limit, and hence no plastic flow, then the strained thermal cycling (to simulate wi 
“ag observations could still be fitted by a thermal-stress fatigue failure) and con- sti 
A, model consisting of elements with a stant temperature strain cycling. The sh 
; yield point followed by work-softening. cyclic strain levels employed in each to 
7 Thus, these additional experiments case were sufficiently high to produce du 
i would be ai. especially important addi- failure in 1000 to 100,000 cycles. The ob 
tion to the interesting work reported by apparatus was such as to permit con- 
the authors. tinuous measurement of the cyclic stress ab 
Mr. J. M. Lessetts.*—The paper is so that the progressive increase (strain- re 
of considerable interest in the field of hardening) or decrease (strain-softening) ve 
fatigue. While the hypothesis that a_ in the height of the hysteresis loop could en 
fatigue crack develops from extreme be observed while maintaining the is 
strain-hardening in certain microregions width of the loop constant. au 
has not as yet been confirmed by experi- For annealed stainless steel, a gradual su 
ment, the hypothesis seems plausible. In hardening occurs which, considering the fa 
the paper, the authors discuss the soften- marked strain-hardening tendency ex- st 
ing effect of cyclic stress on cold-worked hibited by this material in monotonic te 
copper. Gough’ has shown the opposite tension, is very slight. The increase is st 
effect of a work-hardening effect on such that, when plotted against the th 
soft copper due to a cyclic stress. logarithm of the number of strain cycles, Ww 
Much has yet to be learned regarding a saturation is observed. The amount of fle 
the réle of ductility in the fatigue prob- strain-hardening increases by increasing SU 
lem and what is meant by ductility. It is the amplitude of the strain change, but th 
of interest to note that fully heat-treated saturation again occurs. se 
alloy steel which has high ductility as On the other hand, stainless steel test ir 
measured by the tension test shows no specimens cold-worked by prior torsion ) 
increase in fatigue strength due to under- or tension exhibit a completely different st 
stressing in fatigue; nevertheless, cast behavior when thermally cycled under st 
iron, which is regarded as a brittle ma- _ uniaxial constraint or when strain cycled cl 
terial with gus ductility : ® Research Associate, Knolls Atomic Power b 
show 25 per cent® increase in fatigue Laboratory, Schenectady, N. Y. (operated for ré 
strength by understressing. the U. 8S. Atomic Energy Commission by the Ww 
General Electric Co.). h 
5 E. Orowan, “Theory of Fatigue of Metals,” WL. F. Coffin, Jr., “A Study of the Effects 
Proceedings, Royal Society (London), Vol. of Cyclic Thermal Stresses on a Ductile Metal,” 
171-A, p. 79 (1939). Transactions, Am. Soc. Mechanical Engrs., SI 
6 President, Lessells and Associates, Inc., August, 1954, p. 931. 
Boston, Mass. UL. F. Coffin, Jr., “The Problem of Thermal u 
7H. J. Gough, “Elastic Limits of Copper Stress Fatigue in Austenitic Steels at Elevated S| 
Under Cyclical Stress Variations,” Engineering, 'Temperatures,’’ Symposium on Effect of Cyclic S| 
Vol. 114, Sept. 8, 1922, p. 291. Heating and Stressing on Metals at Elevated 
8 J. B. Kommers, “‘Understressing and Notch Temperatures, Am. Soc. Testing Mats., p. 31 o 
Sensitivity in Fatigue,’ Engineering News (1954). (Issued as separate publication ASTM Ss 
Record, Vol. 109, Sept. 22, 1932, p. 353. STP No. 166.) oe j g 
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at constant temperature. Here, with a 
constant strain change, a progressive 
decrease in stress change is observed with 
the number of cycles of strain. This 
strain-softening of the material is cur- 
rently being studied in more detail, but 
the rate of softening appears to increase 
with the amount of prior strain and with 
strain change per cycle. Other tests have 
shown that the phenomenon is not due 
to thermal annealing of the material 
during the test, since similar effects are 
observed at room temperature. 

The  strain-softening as discussed 
above and the softening by stress cycling 
reported by the authors are obviously 
very closely related, but certain differ- 
ences do exist. One difference, of course, 
is in the method of observation, since the 
authors have observed the softening by 
subsequent compression testing of the 
fatigue specimens subjected to prior 
stress cycling, while in the writer’s 
tests the softening is observed progres- 
sively. Thus, in one case, it is shown that 
the yield stress progressively decreases, 
while in the other case the shape of the 
flow stress curve is altered, so that at 
subsequent strains of some magnitude 
the stress is lowered by stress cycling. A 
second and less significant difference is 
in the methods of test, one being accom- 
plished by stress cycling, the other by 
strain cycling. Under stress cycling the 
softening effect would result in an in- 
creased cyclic strain change, the result 
being, as pointed out by the authors, to 
reduce the fatigue strength below that 
which might exist if softening could 
have been prevented. 

The writer has suggested’? that the 
softening process may be due to the grad- 
ual decrease of high internal energy in the 
structure brought on by cold-work. Thus 
slip planes which are prevented in whole 
or in part from moving because of cross 
slip, or high back stresses produced at 
grain boundaries as a result of prior cold- 
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work, now move more freely. The agita- 
tion supplied to the structure by cyclic 
strain is here thought to be the motivat- 
ing factor in reducing these regions of 
high energy by permitting adjustments 
in the structure to lower energy level. 

In view of the above described be- 
havior and that described by the authors 
in their excellent paper, it is quite diffi- 
cult to accept a mechanism for fatigue { 
failure built around a strain-hardening 
hypothesis. 

The writer concurs with the authors in 
that fatigue failure would more logically 
be a result of some process which under i 
cyclic strain causes the nucleation of 
voids and the growth of these voids into 
cracks, rather than a failure resulting — 
from excessive strain-hardening. 

Messrs. N. H. POLAKOWSKI AND 
A. (authors’ closure, by 
letter).—The authors wish to thank the | 
contributors to the discussion for their — 
stimulating comments. 

In reply to Mr. Gohn, a somewhat de- 
tailed reference to J. N. Kenyon’s work? 
was made in a previous paper by one of 
the present authors.” Since heavily cold- 
worked copper shows occasionally self- 
annealing tendencies, it was important 
to demonstrate that ‘“work-softening” — 
may occur under conditions where self- 
annealing does not come into the picture. 

It is gratifying to see that the views of _ 
physicists and engineers approach a . 
stage when their respective explanations © 
of the same phenomenon are reduced to 
matters of nomenclature rather than 
substance. 

The authors feel that Mr. Dolan’s 
questions cannot as yet be answered 
satisfactorily in terms of atom move- | 
ments, dislocations, and the like. The 


12.N. H. Polakowski, ‘‘Restoration of Duc- 
tility of Cold-Worked Aluminum, Copper, and — 
Low-Carbon Steel by Mechanical Treatment,” — 
Proceedings, Am. Soc. Testing Mats., Vol. 52, — 
p. 1086 (1952). 
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a clear and convincing picture of the 
mechanism causing metals to harden 
during plastic flow," and it would per- 
haps be premature to speculate on the 
ultimate origin of work-softening before 
the first named problem is solved. It is 
suggested, however, that a likely inter- 
pretation of the reported facts may be 
built up around the concepts of internal 
strain energy and the “generalized 
Bauschinger effect” put forward in a 
previous publication." 

Mr. McClintock’s contention that the 
concept of progressive work-hardening 
was used in Orowan’s theory merely to 
illustrate how the fatigue limit can be 
above the yield stress is not one that 
can be accepted, for it was essential that 
the peak of the zigzag diagram be above 
some limiting stress (for example, the 
true ultimate tensile strength) in order 
to explain final fracture under fatigue 
stresses in excess of the endurance limit. 
As the authors see it, the Orowan theory 
was designed, in effect, to provide a 
formal interpretation of the fatigue be- 
havior of initially “soft” metals. Such 
materials invariably work-harden during 
cyclic stressing irrespective of whether 
the stress applied is below or above the 
endurance limit. 

Mr. Lessells raised two important 
questions in his second paragraph. Since 
these are not directly related to the sub- 

3A. H. Cottrell, “Dislocations and Plastic 
Flow in Crystals,” p. 151, Clarendon Press, 
Oxford (1953). 

4 N. H. Polakowski, ‘Softening of Metals 
During Cold Working,” Journal of The Iron and 
Steel Institute, Vol. 169, p. 337 (1951). 
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ject matter of the present paper, it would 
be impractical to discuss them at length 
at this juncture in spite of their intrinsic 
interest. It may be pointed out, never- 
theless, that Sinclair has shown that 
coaxing is essentially a result of strain 
aging. One can thus easily visualize how 
the ferritic matrix of cast iron with its 
low elastic limit may gradually work- 
harden during the fatigue test whilst 
being subject to spontaneous strain aging 
at the same time. The above does not 
apply to hardened-and-tempered steel 
which has a high elastic limit and is 
structurally stable under cyclic stresses 
which are close to but still below the en- 
durance limit. 

The authors were glad to have the 
comments of Mr. Coffin and they were 
particularly pleased by the basic agree- 
ment between his and their own results. 
This feature was quite conspicuous not- 
withstanding the differences in the ex- 
perimental materials and techniques. 

The idea of ascribing the work-soften- 
ing process to a decrease of internal strain- 
energy is fruitful but not entirely new. It 
was employed in a paper published a few 
years ago" to account for a variety of 
phenomena closely related to the sub- 
ject matters of both Mr. Coffin’s and the 
present authors’ papers. It was a little 
disappointing to find that no reference to 
this work was made by Mr. Coffin in 
either of his two papers. 


18G. M. Sinclair, “An Investigation of the 
Coaxing Effect in the Fatigue of Metals,’ 
Proceedings, Am. Soc. Testing Mats., Vol. 52 
p. 743 (1952). 
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SYNOPSIS 


Metallographic methods are described for following the formation and 
progress of fatigue cracks in aluminum and aluminum alloys from very early 
in the fatigue life to final, complete failure. When an aluminum specimen is 
_ subjected to fatigue action, its surface appearance undergoes a continuous 
sequence of submicroscopic and microscopic changes. These progressive 
changes include the development of submicroscopic slip bands within indi- 
vidual grains, the formation of extremely fine cracks within individual grains, 
the joining of cracks across grain boundaries to form major cracks, and the 
extension of these major cracks until sudden, complete, tensile failure of the 
material occurs. Points denoting the cycles required to produce these several 
= of progressive change at various stress levels fall on smooth curves 
which bear a relationship to each other and to the familiar S-N curve denot- 
ing final failure. The specific relationship of these families of curve 
with the alloy and temper of the material under test. _ ; 


The fact that metals and alloys 
subjected to repeated loading will fail at 
a stress level well below the static 
strength of the material has been of 
concern to those responsible for the 
performance of metals in service. Much 
time and energy has been expended in 
obtaining a better understanding of the 
behavior of metals subjected to cyclic 
stressing and in establishing the limits of 
stress that may be applied repeatedly to 
structural elements without danger of 
fatigue failure. This paper describes 
several metallographic methods used to 
follow the extremely minute changes that 
result from repeated stressing. It also 
illustrates some of the changes caused by 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Assistant Chief, Metallography Division, 
and Research Metallurgist, respectively, Alumi- 
num Research Laboratories, Aluminum Com- 
pany of America, New Kensington, Pa. 


fatigue action in certain aluminum alloys 
and demonstrates that there is a relation- 
ship between these changes in structure 
and the ultimate behavior of the material. 
In the past, a dual approach has been 
used to attack the fatigue problem. 
Extensive testing has revealed the fatigue 
characteristics of a wide variety of com- 
mercial alloys and has established the life 
expectancy of these alloys under various 
stress conditions (1).2 This work defines 
the conditions under which these alloys 
may be used commercially and forms the 
basis for the design of structures sub- 
jected to cyclic stressing. The other 
approach has been of a more fundamental | 
nature and has been aimed at obtaining | 
a better understanding of the behavior 
of metals under fatigue action. This 7 
fundamental work has furnished a — 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 732. 
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reasonable explanation of fatigue be- 
havior and has shown that fatigue 
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failure does not occur suddenly but is 
actually the culmination of a series of 


events (2-11). 


METHODS OF INVESTIGATION 


Inasmuch as the initial changes in 
surface appearance resulting from fatigue 


- action are apparently of extremely small 
_ magnitude, methods capable of revealing 


4 


minute changes in surface appearance 
were selected. It was possible to show 
changes at an early stage, to detect the 
first minute microcracks, and to follow 
the enlargement and progress of these 
cracks through to the final, complete 
failure of the specimen. This was ac- 
complished by using polished fatigue 
specimens a simple plastic replica 
technique, and optical and electron 
microscope examinations. 

In the preparation of specimens for 
this investigation, chemical polishing was 
q . 
employed. This treatment was ad- 
-vantageous because it produced over the 
entire surface of the fatigue specimen a 
smooth, highly polished surface which 
permitted extremely small changes to be 


| = and recognized. It eliminated the 


worked surface layer that is charac- 
teristic of surfaces polished mechanically 
and that might have some effect on 
fatigue behavior. In addition, the 
particular chemical polishing treatment 
revealed many of the microstructural 
features of the aluminum alloys so that 
it was possible to establish the relation- 
ship between the structure of these 
alloys and the starting point and path 
of fatigue cracks. 

Plastic replicas were used to examine 
and record the changes in surface ap- 
pearance that occurred as a result of 
fatigue action. These replicas were made 
by putting a drop of plastic dissolved in 
a solvent on the specimen and smoothing 
a piece of solid plastic strip onto the 
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liquid. The two bond together, and a 
faithful reproduction of the surface of 
the specimen is obtained. This technique 
has been used extensively in metal- 
lographic work and is capable of reveal- 
ing extremely fine detail with exceptional 
clarity. The plastic replicas are examined 
by transmitted light and may be used at 
any magnification of which the light 
microscope is capable. The appearance of 
the surface of the specimen as seen with 
the replica is the same as if the specimen 
itself were being examined by vertical 
illumination. A series of replicas of this 
type taken during the course of a fatigue 
test forms a permanent record of the 
fatigue life of the specimen. 

When examinations at magnifications 
higher than those obtainable with the 
light microscope are desired, further 
replicas for electron microscopic examina- 
tion may be made from the plastic 
replicas by the “triple replica”? method 
(12). In this method, a layer of aluminum 
is evaporated onto the plastic replica, 
and an aluminum oxide replica is made 
from this evaporated aluminum layer. 
Replicas produced by this method record 
the fine surface detail of the specimen 
and, in effect, permit examination of the 
surface of the specimen at the high 
magnifications obtainable with the elec- 
tron microscope. 

Another method employed was the use 
of a 20 per cent by weight solution of 
sodium hydroxide at room temperature 
for differentiating between microcracks 
and irregularities of surface contour 
developed by slip. The nature of this 
etching treatment is such that it exag- 
gerates greatly any small metal dis- 
continuities. Thus, if a microcrack is 
present it will be enlarged by the etching 
treatment and will be more readily 
visible (Fig. 1). With a surface ir- 
regularity that does not involve a metal 
separation, however (such as the case of 
a surface offset produced by slip), 
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exaggeration does not occur and there is 
little change in surface appearance. 

Use was also made of the dye-pene- 
trant inspection method, which has 
received rather wide acceptance in 
industry as a method for detecting 
certain cracks and other flaws that are 
otherwise invisible to the eye. In this 
method, a low surface tension liquid 
containing a dye is applied to a surface 
and penetrates any small discontinuities. 
After the excess penetrant is removed 


(a) Before sodium hydroxide etching. 


Fic. 1.—Crack Detection on Alclad 24S-T3 Sheet with 20 per cent Caustic Solution (X 100). 


from the surface and a white, powdery, 
absorbent coating is applied, dye solution 
remaining in the discontinuities bleeds 
out and colors the white coating. The 
colored spots or lines on the white back- 
ground establish the location of the dis- 
continuities. The principal limitation of 
the dye-penetrant method lies in the fact 
that a discontinuity will be detected only 
if its geometry is such that it can accept 
and retain enough dye to color the white 
coating. Thus, only those discontinuities 
having sufficient width in relation to the 


surface tension of the penetrant and an 
appreciable depth-to-width ratio will be 
detected by this method. 

In certain phases of this work, it was — 
desirable to obtain a quantitative value 
for the amount of surface deformation 
on a specimen. The method used, 


adapted from a method described by 
Smith (13), consisted of projecting a — 
randomly oriented grid onto the micro- 
structure of the surface of a specimen 
and counting the number of intersections 


(b) After sodium hydroxide“etching. 


between the grid and the deformation 
lines. The amount of deformation in 
terms of the length of deformation lines 
per area of field was given by: 


where: 

L = total length of deformation lines, 
A = area of field, : 
I = number of intercepts, and 

1 = total line length of grid. 


| 

| 


HUNTER AND FRICKE 


(a) Early slip. 


(b) Slip saturation. 
} Fic. 2.—Stages of Progressive Change in the Fatigue Life of DD1S-0 Sheet (x 500). 
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MATERIALS AND TESTING METHOD 


The alloys used in this investigation 
were Alclad 24S-T3, DD1S-0 (the coat- 
ing material on Alclad 24S sheet), 
24S-T3, and 75S-T6 alloys in the form 
of 0.064-in. thick sheet, and 75S-T6 
alloy in the form of 1}-in. rolled and 
drawn rod. The sheet materials were 
tested in alternate flexure with constant 
deflection, whereas the rod was tested as 
smooth, rotating-beam specimens in 
R. R. Moore-type machines. 


PROGRESSIVE CHANGES RESULTING FROM 
FATIGUE ACTION 


Application of the various methods of 
examination has revealed the sequence of 
events that takes place during the life of 
fatigue specimens of aluminum and 
aluminum alloys. The changes that occur 
as a result of fatigue action are actually 
continuous, but, for convenience, they 
may be divided into a number of stages. 
The time in the fatigue life at which 
these stages are reached and the duration 
of the separate stages are functions of 


the stress level and the particular 


material under test. Consequently, all 
stages of change may not be observed 
with all materials or at all stress levels. 
Further, the frequency of examinations 
and the sensitivity of the examination 
methods will have a bearing on whether 
or not a particular stage is detected and 
the time in the fatigue life at which it 
is apparent. 

From observations of the changes 
occurring on the surface of specimens of 
various types of aluminum alloys, a 
composite picture of the changes that 
take place during the fatigue life is 
apparent. The first change observed is 
deformation resulting from slip. Under 
the light microscope, this deformation 
appears as individual lines within various 
grains (Figs. 2(@) and 3(a)). The elec- 
tron microscope, however, shows that 
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these lines are actually groups of roughly | 
parallel slip deformations (Fig. 4). These _ 
bands of slip extend transgranularly 
with respect to the subgrain structure of 
the material and apparently bear no 
relation to the direction of the subgrain 
pattern. 
As cyclic stressing continues, deforma- 
tion from slip becomes more and more — 
pronounced, both qualitatively as in- 
dicated by visual examination and 
quantitatively as determined by Eq 1. 
During this stage, the characteristics of 
the material and the sensitivity of the — 
inspection method determine at what 
point the deformation is evident. With 
further fatigue action, a point which 
may be called “slip saturation” is 
reached (Fig. 2(6)). This point repre- 
sents a pronounced change in the rate of 
increase of deformation with continued 
fatigue action. Up to this point, _— 
amount of deformation has been in- — 
creasing rapidly, whereas beyond this r 
point the rate of increase is much slower. 
Still further fatigue action soon brings 
the material to the stages involving 
cracking. Initially, the cracks are very 


fine (Fig. 3(b)) and can be observed only 
with the more sensitive methods of ex- 
amination. From light microscopic ex- _ 
amination, it appears that the crack 
forms along one of the slip lines already | 
present and, therefore, may be the result _ 
of failure on an overworked slip plane. — 
The electron microscope, 
shows that the crack forms parallel to 
and along the edge of a group of slip de- | 

formation lines (Fig. 4). This could 
constitute failure on an overworked slip — 
plane, but the fact that the cracks tend 
to form at the edge of the deformation _ 
bands and the step-like configuration of — 
the deformation lines suggest another 
possible fatigue mechanism. It appears _ 
possible that, as successive slip lines of a 
group develop, localized stress concen- 
tration is produced by each slip opera- 


however, 
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(@) Earlyslip, (b) Initial cracking. 


(c) Extensive cracking within grains. (d) Crack joining. 
Fic. 3.—Stages of Progressive Change in the Fatigue Life of Alclad 24S-T3 Sheet (X 250). 
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tion, with the result that the slip 
movement of the next slip operation is 
greater. This would develop a series of 
steps, each higher than its immediate 
predecessor. Continuation of this proc- 
ess would increase the localized stress 
concentration and increase the extent of 


_ Cracks have formed along the edges of the bands in the upper part of the picture. General structure pattern 
is the subgrain structure of the material. Oxide film replica. 


the next slip movement until finally the 
movement would be greater than the 
material could withstand, and a crack 
would result. 

Still further fatigue action enlarges 
the initial cracks and develops addi- 
tional smaller ones until, with certain 
materials, much of the surface is covered 


point, the fine cracks—and the slip — 
lines which have preceded them—are 
confined to individual grains and appear — 
as families of parallel markings within 
these grains. The orientation and se- 


related to the crystallographic orienta- 
tion of the grains and their relation to 
the stressing direction. ‘si 
After the formation and development 
of cracks within individual grains, the 
remaining portion of the fatigue life is 
occupied by crack extension. This proc- 
ess involves principally the joining and 
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deepening of existing cracks, although 
some additional cracking may develop 
as a result of stress redistribution as 
large cracks propagate. If the surface of 
the specimen is generally cracked, crack 
extension consists of the joining of 
cracks within individual grains at their 
mutual boundaries (Fig. 3(d)). Once a 
crack through several grains has formed 
in this manner, this crack will progress, 
joining up wherever possible with exist- 
ing cracks within individual grains. At 
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actually taking place, but that the 
cracks ahead of the main crack are not 
visible by ordinary methods of exami- 
nation. 

In connection with the crack exten- 
sion phase, two other interesting fea- 
tures have been observed. One of these 
has been observed in the testing of 
sheet materials and probably applies to 
any relatively thin section. It was noted 
that as a relatively large crack extended 
through the sheet specimen, a multitude 


. 


Fic. 6.—Fine Cracks Formed Ahead of Main Fatigue Crack on Surface of 24S-T3 Sheet (X 100). 


the same time, the crack is extending in 
depth and will continue to do so until 
the remaining cross-sectional area of the 
specimen can no longer support the 
load, and sudden tensile failure occurs. 

In the case of strong aluminum alloys, 
which do not exhibit general cracking of 
the surface, crack extension consists 
principally of the progression of existing 
cracks across and through the material. 
It is probable, however, that the process 
of crack joining described above is 


3 


of fine cracks developed on the reverse 
side of the specimen in advance of the 
crack (Fig. 5). This is apparently the 
result of stress redistribution brought 
about by the formation of the crack and 
constitutes evidence that a high-stress 
“front” is operative ahead of the crack. 
Another indication of this highly 
stressed region that precedes an ad- 
vancing crack is the behavior of the 
surface of the specimen ahead of such a 
crack. As a crack approaches a given 


4 
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area, the material frequently undergoes 
very rapidly the series of changes that 
would otherwise occur in a much longer 
period. Also, numerous fine cracks are 
frequently formed even in a material 
that does not usually exhibit general 
cracking (Fig. 6). 


q DETECTION AND SIGNIFICANCE 
OF PROGRESSIVE CHANGES 


ed 
The various methods described are 


capable of detecting and following the 
changes resulting from fatigue action 
from very early slip to final complete 
failure. Electron microscopy is _ best 
suited for observing exceptionally mi- 
nute changes that are of particular in- 
terest in investigations of the theoretical 
aspects of fatigue and is not readily 
adaptable to investigation of the more 
advanced stages of change. The plastic 
replica method, in conjunction with 
light microscopy, will detect early 
changes in surface appearance. It is 
more useful for observing the later 
stages of change, however, particularly 
those associated with the beginning of 
structural damage. Dye-penetrant in- 
spection is a very simple and convenient 
means of revealing cracks, but it will 
reveal only those cracks that have 
reached a relatively advanced stage of 
development. This method appears to 
be practical for inspecting members 
subjected to fatigue action, however, 
and should give adequate warning of 
impending failure. 

Regarding the significance of the 
progressive changes occurring during the 
fatigue life, the fact is evident that 
initial changes will have no significant 
_ effect on the strength of a part or struc- 
ture, whereas later changes may have a 
disastrous effect. Any of the changes 
involving only slip do not necessarily 
indicate that the material has sustained 
_ damage, because no actual metal separa- 
tion has occurred. Actually, this slip 


may be beneficial because of the slip 
hardening involved. Observation of 
these changes is useful, however, be- 
cause they indicate that progressive 
deformation is occurring and _ that 
changes involving damage will probably 
occur if fatigue action continues. 

The significance of the stages involv- 
ing cracking of a part will depend on 
many factors, including the particular 
use of the part, the thickness of the 
section, and the conditions under which 
it is operating. The first crack seen on 
the surface by microscopic examination 
of a plastic replica would probably not 
constitute significant damage because it 
will generally be less than 0.0001 in. in 
depth. On the other hand, when a crack 
is first detected by dye-penetrant 
methods, it will have penetrated to a 
much greater depth and may be highly 
significant as far as performance is con- 
cerned, particularly if it occurs in a thin 
section. 


PROGRESSIVE CHANGES IN 
ALUMINUM ALLOYS 


The various stages of progressive 
change that may be seen in several 
aluminum alloys have been determined. 
It has been found that with materials of 
relatively low strength most of the 
changes observed prior to failure consist 
of the slip stages with but little evidence 
of the stages involving cracking. On the 
other hand, with aluminum alloys of 
relatively high strength, the earlier 
stages of change were difficult or impos- 
sible to detect. Most of the change 
observed during the fatigue life consists 
of cracking and crack extension. It is 
believed, however, that all stages ac- 
tually occur in all materials. 

In the case of DD1S-0, which is un- 
alloyed aluminum of 99.5 per cent 
purity and is a relatively soft material, 
the various slip stages were evident 
(Fig. 2), but very little cracking was 
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apparent before final failure. Slip was 
observed very early in the test and in- 
creased in intensity and amount as the 
test progressed. The total deformation, 
as determined by Eq 1, increased ex- 
ponentially with the number of cycles in 
accordance with the equation: 


the slip saturation point, a small amount 
of additional deformation occurred, 
some large cracks formed and, finally, 
the specimen failed. 

With Alclad 24S-T3 sheet, the thin 
layer of DD1S-0 which is metallurgically 
bonded to the 24S alloy core is sup- 
ported by the core and cannot fail com- 
pletely until the core itself fails. This 
supporting action brings about some 
change in the behavior of DD1S-0 in 
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Fic. 7.—Relation Between Stages of Progressive Change Observed on DD1S-0 Sheet. 


where N is the number of cycles, and c 
and m are constants for any given stress 
level but are actually functions of the 
stress. Thus, the total deformation at 
any particular period is a function of 
the stress. This increase in surface de- 
formation continued over a considerable 
portion of the fatigue life until the slip 
saturation point was reached. First 
cracking could not be established with 
certainty because of the extensive sur- 
face roughening developed by slip. After 


that the evidence of slip tends to be 
suppressed, although slip as well as the 
succeeding cracking stages can be ob- 
served (Fig. 3). Early in the fatigue life, 
slip of the alclad coating within in- 
dividual grains is observed as it is in 
the case of the coating alloy alone. This 
slip never becomes very pronounced, 
however, because the strong alloy core 
prevents extensive movement. Later in 
the test, cracks form along existing slip 
lines within individual grains and, as 
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the test continues, extensive cracking 
within these grains occurs. When many 
of the grains of the coating alloy con- 
tain numerous groups of parallel cracks, 
crack joining begins, after which prac- 
tically no new cracks develop. As the 
larger cracks form and extend, they do 
so almost entirely by joining with exist- 
ing cracks within grains that lie in their 
path. Eventually, after numerous rela- 
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within the coating layer and the exten- 
sion of these cracks inward to the coat- 
ing-core interface. Thus, prior to the 
crack-joining stage observed on the 
surface of the coating, the core—and 
consequently the product as a whole— 
has sustained no structural damage in 
spite of the widespread cracking ap- 
parent in the coating. The start of the 
stage of crack joining in the coating is a 
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Fic. 8.—Relation Between Stages of Progressive Change Observed on Alclad 24S-T3 Sheet. 


tively long cracks have formed in the 
coating, the specimen fails. 

It has been found that not only does 
the strong alloy core influence the be- 
havior of the DD1S-0 coating but also 
that the behavior of the coating reflects 
changes that are taking place in the 
core. During the slip and early cracking 
stages through which the coating pro- 
gresses, no visible change in the core can 
be observed. The only changes evident 
in cross-section are the cracks formed 


landmark in the life of the core, how- 
ever, because it is at about this point 
that cracking of the core begins. As 
crack joining and crack extension occur 
in the coating, cracks form and progress 
in the core until the remaining section 
can no longer support the stress, and 
the specimen fails. 

The changes observed during the 
fatigue life of 24S-T3 and 75S-T6 alloys 
are similar and are probably typical of 
high-strength aluminum alloys in gen- 
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eral. Because of their strength and the 
relatively small amount of slip that can 
occur without cracking, the slip stages 
are seldom seen with these alloys. Con- 
sequently, the first stage of progressive 
change generally observed is cracking. 
Also, with these alloys, there is less 
tendency for general crack formation 
and, as a result, most of the period be- 
tween formation of the first crack and 
ultimate failure is occupied by crack 
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fatigue crack. Furthermore, an advanc- 
ing crack does not follow a path from 
one such particle to another. In many 
cases, cracks actually detour around 
constituent particles. This behavior is 
not surprising because, in contrast to 
inclusions, the constituents in aluminum 
alloys are an integral part of the alloys 
and are coherent with the solid solution 
matrix. From theoretical considerations, 
the hard constituent particles might be 
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Fic. 9.—Relation Between First Cracking and Failure of 24S-T3 Sheet. 


extension. This process generally appears 
as a simple lengthening and deepening 
of existing cracks, although the process 
of crack joining may actually be taking 
place on a submicroscopic scale. 

In the course of this investigation, 
observations were made of the effect of 
constituent particles in so far as they in- 
fluence the starting point and progres- 
sion of fatigue cracks. It was found that 
the constituent particle per se does not 
act as a focal point for the start of a 


expected to give support to the sur- 
rounding matrix. Further, the matrix 
adjacent to a constituent particle will 
have a slightly higher amount of the 
alloying elements in solid solution and, 
consequently, will be stronger and more 
able to resist the slip that precedes 
cracking. 

An entirely different situation exists 
if voids are associated with constituent 
particles, as in the case of gross con- 
stituent segregation, or if notches are 
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730 
created by chipping out parts of a large 
constituent particle during machining 
of a part or preparation of a specimen. 
If voids or notches are present on the 
surface, they will frequently act as focal 
points for the start of fatigue cracks. 
Also, an advancing crack will generally 
go through such notches or voids as it 
progresses. In such cases, however, it is 
the notches or voids rather than the 
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relationship to each other, and that they 
also bear a relationship to the familiar 
S-N curve denoting failure. Curves de- 
noting the first appearance of the vari- 
ous stages of progressive change in the 
aluminum alloys tested are shown by 
Figs. 7 to 11. When these relationships 
are considered in greater detail, it is 
apparent that the curves become asymp- 
totic to the failure curve at the endur- 
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trolling factors. 


CURVES OF PROGRESSIVE 
CHANGE 


If the number of cycles required to 
reach each of the several stages of 
change at various stress levels is plotted, 
certain definite relationships are evi- 
- dent. It is found that the points for each 
of the stages fall on relatively smooth 
curves, that the various curves bear a 
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Fic. 10.—Relation Between First Cracking and Failure of 75S-T6 Rod. 


ance limit, or become horizontal and 
parallel to this curve at a stress level 
slightly below the endurance limit as it 
is usually determined. This lower value 
probably represents an “ultimate en- 
durance limit” or one that would be 
found at an infinite number of cycles. 

It is evident that the relationship 
between the curves of progressive change 
and the failure curve are different for 
different materials. With the soft ma- 
terial DD1S-0, either alone (Fig. 7) or as 
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the coating on the Alclad 24S-T3 sheet 
(Fig. 8), the curves are roughly parallel 
except at low stress levels, where they 
turn rather suddenly as they approach 
the endurance limit. In the case of the 
strong alloys, 24S-T3 and 75S-T6 (Figs. 
9 and 10), the curves are more widely 
separated at high stress levels and grad- 
ually converge as they approach lower 
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uct. If the curves for these two materials 
are plotted together on the basis of the 
calculated stress on the DD1S-0 (Fig. 
11), it is indicated that the curves for 
this material as an alclad coating 
represent extrapolations of the DD1S-0 
curves to higher stress levels. Thus, 
slip saturation in the DD1S-0 alone may 
represent the point of first cracking 
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as the Coating on Alclad 24S-T3 Sheet. 


stress levels. In actual number of cycles 
of remaining life, however, the life 
expectancy is greater at lower stress 
levels. 

Comparison of the curves of progres- 
sive change for DD1S-0 alone and as a 
coating on Alclad 24S-T3 sheet reveals 
another interesting relationship and il- 
lustrates the supporting effect of the 
core on the coating of the alclad prod- 
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Fic. 11.—Relation Between Curves of Progressive Change of DD1S-0 When Tested Alone and 


which is generally masked by the ex- 
tensive surface roughening resulting 
from slip. Further, the crack-joining 
stage observed in the alclad coating ap- 
parently represents failure of the coat- 
ing material, although complete failure 
cannot occur because the coating is held 
in place by the core. In addition, the 
divergence at low stress levels between 
the curves for the alclad coating and 
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the projected curves for the DD1S-0 
alone represent the extent to which the 
24S alloy core affects the fatigue be- 
havior of the coating. 


CONCLUSION 


Application of the metallographic 
techniques described has shown that a 
sequence of submicroscopic and micro- 
scopic changes occurs during the fatigue 
life of aluminum alloys and that there is 
a relationship between the number of 
cycles causing these minute changes and 
that required for complete failure. 
Further work with methods of this type 
should be extremely helpful in the 
evolution of a better understanding of 


}(1) R. L. Templin, “Fatigue of Aluminum,” 
Gillett Memorial Lecture, see p. 641, this 
publication. 
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the fundamental aspects of fatigue 
behavior, in the testing of structural 
materials, and in assisting those con- 
cerned with the design and maintenance 
of structures subjected to fatigue action 
in service. 
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Mr. B. J. Lazan.'—The techniques 
described and the results presented 
should contribute substantially towards 
better understanding of the fundamental 
aspects of fatigue. I therefore hope that 
the authors will continue this fine work 
and elaborate on the excellent start they 
have made. 

At the University of Minnesota we 
are approaching this problem of fatigue- 
initiated changes from another view- 
point. Damping-energy dissipation and 
dynamic modulus of elasticity are 
measured continuously during the course 
of a fatigue test. The changes observed in 
damping and dynamic modulus parallel 
somewhat those observed metallographi- 
cally by the authors and are therefore 
briefly discussed below for aluminun 
alloy 24S-T4. 

The changes in total damping energy 
dissipated by a specimen during rotating- 
beam fatigue tests at several constant 
stress amplitudes are shown in the ac- 
companying Fig. 12. Observe that at low 
stress amplitudes, say below 26,000 psi, 
damping is independent of number of 
stress cycles, whereas at high stress 
amplitude it changes significantly during 
the course of the fatigue test. These 
damping data are replotted on a damping 
versus stress basis in Fig. 13, specific 
damping being used in this figure to place 
the curves on a more fundamental basis.’ 

' Professor of Materials Engineering, Uni- 
versity of Minnesota, Minneapolis, Minn. 

2B. J. Lazan, “Fatigue Failure Under Res- 
onant Vibration Conditions,’’ Wright Air De- 
velopment Center Technical Report 54-20, 
March, 1954, 
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The square dot has been labeled the 
“cyclic stress sensitivity limit” to indi- 
cate the stress below which the damping 
of the material does not change under 
sustained cyclic stress. Above this limit 
the family of curves shown is required to 
specify damping since stress history be- 
comes an important variable. This sensi- 
tivity limit occurs at approximately 89 
per cent of the fatigue strength at 2 X 10’ 
cycles for this material. 

The change in damping with number of 
stress cycles discussed above may be re- 
lated to the horizontal spread between 
the first slip, first crack, and crack-join- 
ing points discussed by the authors, par- 
ticularly in the finite life region. Simi- 
larly, the vertical spread at 2 X 10° 
cycles in the authors’ Figs. 7, 8, 10, and 
11 may be related to the observation 
made in damping studies” that the cyclic 
stress sensitivity limit is generally lower 
than the fatigue strength at 2 X 10° 
cycles. 

The damping behavior and location of 
the cyclic stress sensitivity limit for 
other materials has been discussed.?:* 
At Minnesota various methods have 
been tried to determine the “first evi- 
dence of crack’’ during a fatigue test and 
to associate this with damping versus 
number of stress cycle patterns. First of 
all, one is struck by the remarkably large 
number of small fatigue cracks which 
frequently appear in a specimen. Second, 
some fatigue cracks sometimes appear 


3See p. 895 this publication. 
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Fic. 12.—Change in Damping Energy Dissipa 
During Sustained Cyclic Stress of Various Ampli 
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ted by 24S-T4 Aluminum Alloy Fatigue Specimens 
tudes. 


Aluminum Alloy. 


to stop growing during sustained cyclic 
tress. I would appreciate comments by 
the authors on their observations regard- 
ing the rate of fatigue crack propagation 
and local stoppage in propagation. 
Mr. J. T. Dotan.‘—The observation 
* Head of the Department of Theoretical and 


Applied Mechanics, University of Illinois, Ur- 
bana, 
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Fic. 13.—Effect of Stress Amplitude and Stress History on the Damping Properties of 24S-T4 


of the early stages of the initiation of 
slip recalls to mind a doctor’s thesis at the 
University of Illinois by W. J. Love® 
which I think confirms many of the 


5 W. J. Love, “Structural Changes in Ingot 
Iron Caused by Prior Plastic Deformation and 
Repeated Stressing,’”’ Ph.D. Thesis, Depart- 
ment of Theoretical and Applied Mechanics, 
University of Illinois, Urbana, IIl. (1952). 
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authors’ finding. In one instance Mr. 
Love attempted to measure the per- 
centage of the area of the extreme fibers 
of a flexural specimen in which he could 
observe slip. A plot of the percentage of 
the area with slip versus the logarithm of 
the number of stress cycles appeared to 
be a fairly straight-line relationship. This 
I think confirms the author’s Eq 2 in 
which the exponent represents the slope 
of the line in Mr. Love’s observations. 

Love found it difficult to detect the 
initiation of slip in the early stages with 
the light microscope; it would seem that 
the ability to locate cracks or slip in the 
very early stages is limited by the 
resolution of the microscope. In his ob- 
servations as well as in the authors’, no 
slip was detected within the first few 
thousand cycles. I am wondering if this 
is sufficient evidence that there was no 
slip or whether it occurred but could not 
be detected with the available tech- 
niques. I would like to ask specifically if 
the authors used the electron microscope 
in the early stages to search for evidence 
of slip within the first few hundred or 
few thousand cycles? Does the electron 
microscope give an earlier indication of 
slip than the light microscope? 

Love also used the electron microscope 
with a replica technique and detected 
cracks in early stages of fatigue stressing. 
In one instance he found evidence of 
definite cracking in ingot iron at only 0.1 
per cent of the nominal life to fracture of 
the specimen. This was somewhat earlier 
than those observed in the present paper 
but is further confirmatory evidence of 
permanent damage developed during 
early stages of repeated stressing. 

Messrs. M. S. HuNTER AND W. G. 
FRICKE, JR. (authors’ closure).—It was 
hoped that the presentation of this paper 
would evoke comments and discussion 
and perhaps would stimulate other in- 
vestigations along similar lines. It is 
gratifying to see part at least of the wish 
fulfilled. 
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We also, in addition to Mr. Lazan, — 
have speculated as to whether changes in 
damping capacity might not be related 
to microstructural changes within the 
material. One reason for suspecting a 
correlation originates in published data 
of Mr. Lazan.® Figure 18 of his paper 
shows changes in damping capacity dur- 
ing fatigue tests of a mild steel at several 
stress levels. The curves are noted aS 
deviating from linearity on the double 
logarithmic plot at four points for each 
stress level. If these points are replotted 
on the S-N curve they fall on smooth 
curves resembling our curves of pro- 
gressive change of microstructure. For 
this material the plotted curves are 
roughly parallel] to the failure curve. 

The question of rate of crack propaga- 
tion is an interesting though complex one. 
Several factors can operate to stop the 
advancement of a very small crack. One 
factor is almost certainly the orientation 
of grains in advance of the crack. While 
small, a crack lies on a definite crystallo- 
graphic plane and may progress into an 
adjoining grain of similar orientation 
with little difficulty. If the orientation of 
grains is too dissimilar, the feeble stress 
magnification of the small crack may be 
insufficient to overcome the local 
“strength” of material and it will not 
propagate. Other factors affecting crack 
growth might be the properties of the 
grain boundary itself, the properties of 
the matrix, the presence of constituents, 
and the interaction of adjoining cracks. 

We appreciate the comments of Mr. 
Dolan on the work of Love. His question 
as to whether slip actually occurred in 
times less than those plotted in the 
figures, but which was undetectable by 
the methods of investigation, is a hard 
one to answer. The curves of the amount 
of slip versus cycles seem to extrapolate 
smoothly without inflections to the 

6B. J. Lazan, “A Study with New Equip- 
ment of the Effects of Fatigue Stress on the 
Damping Capacity of Mild Steel,” Transac- 
tions, Am. Soc. Metals, Vol. 42, p. 499 (1950). 
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origin, although this cannot be deter- 
mined with certainty. This would indi- 
cate the presence of slip at a very few 
cycles but of insufficient severity to 
be detected. The methods of this investi- 
Bee were very sensitive, but it is 
conceivable that still more sensitive 
methods would detect slip earlier. The 
data of the figures were obtained using 
_ the optical microscope, but some effort 
was made to find earlier slip using the 
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submicroscopic slip was observed with 
the electron microscope, but in no case 
was such slip observed on a specimen 
which did not show slip visible with the 
light microscope. This, however, is not 
sufficient evidence of the absence of slip 
at short periods of testing, for, being an 
exponential function of the number of 
cycles, slip is exceedingly rare at these 
times and could have been missed by the 
limited areas covered by the electron 
microscope replicas. 
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AN EXPERIMENTAL STUDY OF THE INFLUENCE OF = 

FLUCTUATING STRESS AMPLITUDE ON FATIGUE ie 

LIFE OF 75S-T6 ALUMINUM* 


By H. T. Corten,' G. M. Srncrarr,' T. J. Doran! —) 


SYNOPSIS 


A study was made of the influence of fluctuating stress amplitude on the | 
fatigue life of 75S-T6 aluminum. The pattern of fluctuating stress consisted — 
of repeated blocks of 10,000 cycles during which a minor or low stress amplitude _ 


collected. The data were analyzed statistically to obtain values of mean fatigue _ 
life and standard deviation of known reliability. It was shown that the life for _ 
fluctuating stress amplitude may be best correlated with the life at the major | 
stress (constant amplitude). The life at the minor stress (constant amplitude) 
has only a small influence on the life for fluctuating stress amplitude. When © 
the major stress was applied for only 5 per cent of the cycles in each block, an - 
unexpectedly long life resulted. The standard deviations for fluctuating and _ 
constant stress amplitude data were compared. aad, 


In the past 100 years increased design Studies to determine —" 
stresses and longer service life of many spectrum and frequency of occurrence ~ 
machine parts have led to greater con- of loads encountered in service have 
sideration of failure by progressive been made (1, 2), and refined methods of 
fracture. To achieve the desired per- stress analysis are available; however, _ 
formance, design of members suchas _ the problem of accurately estimating the 
aircraft structures and automotive parts fatigue life of members subjected to 
are often based on a limited service life. fluctuating stress amplitudes remains 
One of the problems that has emerged as__ unsolved. Although many experimental © 
an important consideration in such de- studies of the effect of fluctuations of 
signs is the influence of occasional cycles stress amplitude on fatigue life have been 
of overstress on the fatigue life of made, only qualitative conclusions are 
parts (1, 2). available (3). This is not surprising in 
ae a view of the fact that the fundamental 
Meeting of the Society, June 13-18, 1954. mechanisms of progressive fracture are 

1 Assistant Professor, Associate Professor, pot well understood and the number of 


and Research Professor, respectively, Depart- 
ment of Theoretical and Applied Mechanics, important parameters and variation of 


University of Illinois, Urbana, II. fatigue life are large. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, : To simplify quantitative interpreta 
see p. 752. tion of experimental results caused by 
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was applied during the initial portion and a major or high stress amplitude was 7 
applied during the remainder of the cycles in each repeated block. Various : 
& major and minor stresses as well as various percentages of cycles at the major ; 
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the large variation of life, the applica- 
tion of statistical methods is useful. 
From the statistical representation of 
results, a measure of known reliability 
of central tendency (mean) of fatigue 
life and variation about the mean may 
be obtained. 

Approximate methods for predicting 
fatigue life of members subjected to 
fluctuating stress amplitude have been 
suggested by several investigators (4, 5, 
6, 7). It is generally agreed, however, 
that the proposed methods for appraising 
cumulative damage lack rational physi- 
cal basis. Thus even when a statistical 
analysis is employed, it is not surprising 
that the experimental results, in terms 
of a mean number (or median number) of 
cycles, seldom agree with the number 
of cycles computed by these methods 
(7-12). 

In general, it is necessary to predict 
the life of a member that will be sub- 
jected to known groups of stress cycles 
of various stress amplitudes applied in 
a random order. Since techniques for 
obtaining and analyzing such data may 
be complex, several investigators have 
studied the effects of prestressing at one 
amplitude followed by testing to failure 
at a different stress amplitude. The re- 
sults of such investigations indicate 
that the order of applying the high and 
low stress is important. Consequently, 
it is not clear how the information ob- 
tained from this type of experiment can 
be applied to practical problems in 
which the various stress amplitudes are 
repeatedly applied in a random order. 

The type of experimental information 
that will be useful in formulating a more 
accurate theory of cumulative damage 
should come from experiments in which 
the several stress amplitudes are mixed 
so that the influence of the order of ap- 
plying the stresses is minimized. By 
employing a relatively short group of 
stress cycles in a repeated pattern, 
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analysis of the data may be facilitated 
since the per cent of the total number of 
cycles at each stress amplitude remains 
approximately constant, irrespective of 
the life of the individual specimen. 


PURPOSE AND SCOPE 


This paper presents the results of an 
experimental investigation of an alumi- 
num alloy subjected to fluctuating stress 
amplitude. Nine series of data are in- 
cluded, each of which summarizes the 
results obtained from 20 specimens. For 
each series the stress amplitude was al- 
ternated between a high or major stress 
and a low or minor stress. Repeated 
blocks of 10,000 cycles were employed 
in which the major stress was applied 
5000, 1000, or 500 cycles during each 
block. This corresponds to the applica- 
tion of cycles of major stress for ap- 
proximately 50, 10, and 5 per cent, re- 
spectively, of the fatigue life of each 
specimen. To simplify the terminology, 
these series will be identified hereafter 
as the 50 per cent series, 10 per cent 
series, and 5 per cent series. 

The experimental design permitted a 
statistical analysis of the data from which 
a measure of central tendency of fatigue 
life and variation of known reliability 
was obtained. By employing only two 
stress amplitudes in any given series, 
the interaction of these two stress ampli- 
tudes may be studied. The data were 
analyzed by comparing the experi- 
mentally determined mean values of 
fatigue life with those predicted on the 
assumption that damage was linearly 
cumulative at the major stress only. 
Standard deviations for the fluctuating 
and constant stress amplitude experi- 
ments were also compared. + 


EXPERIMENTAL INVESTIGATION 


The material employed was a 75S-T6 
aluminum alloy, in the form of j-in. 
diameter rods, that was used in the “as 
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received” condition. Small, high-speed, 
rotating-bending specimens with dimen- 
sions as shown in Fig. 1 were machined 
from each half after splitting the bars 
longitudinally. The specimens were pol- 
ished mechanically according to a 
standard procedure (13). The tensile 
properties and hardness have been given 
in a previous report (14). 

The loading sequence consisted of 
subjecting specimens to completely re- 
versed alternating stress that varied 
between two stress amplitudes in re- 
peated blocks of 10,000 cycles. The minor 
stress was applied during the initial 
portion of each repeated block of cycles, 
and the major stress was applied during 
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Fic. 1.—Dimensions of Fatigue Specimen. 


the remainder of each block as shown 
schematically in Fig. 2. The various 
combinations of major and minor stress 
and per cent of cycles at the major stress 
are listed in Table I. Twenty specimens 
were tested for each series listed in Table 
I to obtain a reliable measure of the 
mean life and standard deviation. The 
machines employed to obtain this 
fluctuating stress amplitude have been 
described previously by Dolan, Richart, 
i and Work (3). However, since the ques- 
| tion will later arise, it is desirable to 
' discuss briefly the mechanism employed 
to change from the minor to the major 
stress amplitude. The minor stress was 
set directly on the loading beam em- 
ployed for constant stress amplitude 
experiments. The major stress was ob- 
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tained by adding an additional weight 
to the loading arm. The application — 
(and removal) of this weight was con- 
trolled by a cam which made one revolu- | 
tion for every 10,000 cycles of the speci- 
men. Approximately 1 per cent of the 
cycles in each repeated block were re- 
quired to apply the additional load and 
remove it. The cam and additional 
weight were adjusted so that the period 
of transition from minor to major (and © 
vice versa) stress was subtracted ap-— 
proximately equally from the number of ; 
cycles at the minor and major stresses. 7 
Consequently, approximately 1 per cent 
must be subtracted from the nominal 
values of per cent of cycles at the major 


Number of Cycles ot Repeated Block 
Major Stress Amplitude lof 10,000 cycles 
(500,!000 or 5000 cycles) 


Stress Ampttude 


Mojor Amplitude 


Number of Cycles 


Fic. 2.—Loading Sequence Employed in 
Fluctuating Stress Amplitude Experiments. 


(and minor) stress for the transition 
period. 

A summary of the experimental values 
of fatigue life for both the variable and 
constant stress amplitude series is given 
in Table I. The data for constant stress 
amplitude was taken from the work of 
Sinclair and Dolan (14) on specimens 
from the same heat tested in the same 
machines. Because in Sinclair and 
Dolan’s original data for constant stress 
amplitude the point at 50,000 psi ap- 
peared to be out of line with the rest of 
the data, an additional 20 specimens 
were tested to check this point. The mean 
value of log N for the first group of 20 
specimens was 4.7234 as compared with 
a value of 4.7308 for the new data. As 
this difference is not significant at the 
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- 3. —Fatigue L ife Diagram for Constant Stress Amplitude. 


TABLE I1.—SUMMARY _OF EXPE RIMENT: AL F ATIGUE LIFE DATA. 
Per cent 
M Numbe Mean 95 per cent Standard 90 t 
Major Stress, psi Stress, = “of Log Life, Confidence Devia- 
psi Stress Specimens log NV Limits for log V N tion, ¢ Limits for ¢ 
VARIABLE Stress AMPLITUDE 
40 000........ 30 000 50 20 5.4444 | 5.5873-5.3014 0.3604 | 0.5064-0.2936 
ok 30 000 10 20 5.9221 | 6.0212-5.8229 | 0.2500 | 0.3513-0.2036 
| eee 30 000 50 20 4.9754 | 5.0147-4.9361 | 0.0993 | 0.1399-0.0809 
50 000.. 30 000 10 20 5.4238 | 5.4666-5.3811 | 0.1078 | 0.1515-0.0879 
ree 30 000 5 20 6.2525 | 6.3525-6.1525 | 0.2525 0.3550-0 . 2058 
| 40 000 50 20 4.7375 | 4.7694-4.7055 | 0.0806 | 0.1133-0.0656 
50 000. . 40 000 10 20 5.3189 | 5.3743-5.2634 | 0.1437 | 0.1998-0.1175 
| ee 34 100 10 21 5.9605 | 6.0432-5.8788 | 0.2085 | 0.2929-0.1697 
45 500.. 34 100 5 20 6.2495 | 6.3946-6.1044 | 0.3658 | 0.5139-0.2982 
Constant Stress AMPLITUDE (14) 
Number of | Mean Log | 95 per cent Confidence Standard | 90 t Confid 
Stress, psi Life, log NV Limits for log V Deviation, pes gent con o 
57 7.2120 7 .3216-7 . 1024 0.4130 0.4776-0.3484 
17 6.1674 6.2841-—6 .0507 0.2270 0.3316-0. 1825 
39 5.3331 5.4158-5.2504 0.2443 0.2930-0 1956 
20 4.7585 4.8344-4.6826 0.1273 | 0.1790-0. 1040 
40 4.7270 4.7614-4.6927 | 1085 0.1530—0 .0884 
21 4.2047 °4.2210-4. 1884 | 0.0348 0.0484-0 .0284 
T 
60,00: 
- \ e Mean Log Fatigue Life *6 
\ Indicates 95 percent Confidence Limits 
55,000} —— Possible 50 percent Probability of 
\ Failure Curve * 
50,000 
o 
\ 
45,000;- 
35,000}- 
30,0 
5 6 7 
e.° Log Number of Cycles 
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5 per cent probability level, these two 
sets of data have been combined in 
Table I. The stress - log NV diagram for 
constant stress amplitude is shown in 
Fig. 3. As there is no known reason for a 
sharp break in the curve, it seems likely 
that a smooth curve such as the dashed 
curve in Fig. 3 contained within the 
confidence limits may best represent the 
variation of fatigue life (for 50 per cent 
probability of failure) with stress. 


DIscussION OF RESULTS 


Statistical analysis of small samples 
(20 specimens) to include confidence 
limits requires that the distribution be 
approximately normal. It has been shown 
that for fatigue life data from constant 
stress amplitude experiments the loga- 
rithms of the fatigue life NV approximate 
a normal distribution. To study the 
distribution of log N for variable stress 
amplitude data, log normal probability 
diagrams were prepared and are shown 
in Fig. 4. The straight lines in this 
figure represent the theoretical log - 
normal frequency distribution (based 
on the values of mean log N and standard 
deviation computed from the data). 
Judging from the 20 specimen samples, 
it appears that the log normal distribu- 
tion is a reasonable approximation to the 
observed frequency distribution of fa- 
tigue life. Consequently, mean log NV 
(log NV’) will be adopted as a measure of 
central tendency of fatigue life and used 
throughout the remainder of this paper. 
The 95 per cent confidence limits for 
mean log N, the standard deviation, 
and the 90 per cent confidence limits for 
the standard deviation are included in 
Table I. The correlation between the 
standard deviations for constant and 
variable stress amplitude data will be 
discussed iater. 
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Assumplion That Damage Occurs at the 
Major Stress Only: 


For loading sequences consisting of — 
various numbers of cycles of only two — 
stress amplitudes, it seems likely that 
stressing at the major stress amplitude — 
develops the larger contribution to 
damage. To examine this idea, it is in- 
structive to assume that damage occurs — 
only when the major stress is applied 
and that fracture occurs when the sum — 
of the number of cycles at the major 
stress amplitude is equal to the number 
of cycles to fracture for a constant stress 
amplitude at this stress. The damage 
from cycles of the minor stress might _ : 
now be interpreted as the difference be-— 
tween the experimentally determined — 
life and that computed by assuming 
damage at the major stress only. This 
leads to the expectation that, for a given — 
combination of major and minor stresses, 
the greater the proportion of cycles at the 
minor stress, the greater the damage con- 
tributed by the minor stress. To examine _ 
the experimental results from this point 
of view, the per cent of cycles at the 
major stress is plotted versus mean log 
life (log NV) in Figs. 5 through 8. The 
solid curves in Figs. 5 through 8 corre- 
spond to the expected fatigue life for 
various percentages of cycles at the © 
major stress assuming that damage is 
linearly cumulative during cycles of he 
major stress only; that is, the sum of © 
the cycles of major stress is constant at 
fracture. In addition to this curve, a 
lower and an upper limit are set by the 
life from constant stress amplitude ex- 
periments at the major and minor 
stresses, respectively. These limits pre- 
sume that no metallurgical changes 
(precipitation hardening or strain aging) 
occur during the variable stress ampli- 


*This approach is similar to that proposed 
by Stickley (15). 
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tude test. For the precipitation hardened 
75S-T6 aluminum employed in these 
experiments, this assumption seems 
reasonable. For purposes of comparison, 
the life predicted by the assumption 
that the cumulative cycle ratio is equal 
to one is also included.‘ 

An examination of Figs. 5 through 8 
reveals the following characteristics: 

1. For the 50 and 10 per cent series, 
the experimental data lie to the left of 
the solid curve that is based on the hy- 
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as a measure of the decrease in life due 
to cycles of the minor stress. In each 
case, this difference is greater for the 10 
per cent series than for the 50 per cent 
series. This confirms the qualitative 
expectation that the larger the per- 
centage of cycles at the minor stress the 
greater their relative contribution to 
the total damage.* 

2. For the two 5 per cent series, the 
experimental data lie to the right of the 
solid curve for damage at the major 


100-—— 


8 8 
T T 


5 Per cent of Cycles at Major Stress ji 
T 


e Constant Stress Amplitude Data 
© Fluctuating Stress Amplitude Data 
-- + Indicates 95 percent Confidence Limits 


—— Life Assuming Damage Accumulates 
Linearly with N at the Major Stress Only 


-—- Life Assuming Damage Proportional to 
Summation of Cycie Ratio for Both Stresses 


6 
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‘ Log Number of Cycles 


Fic. 5.—Effect of Per Cent of Cycles at Major Stress on the Mean Log Fatigue Life for a Major 
Stress of 40,000 psi and a Minor Stress of 30,000 psi. 


pothesis that damage occurs at the major 
stress only. The difference between the 
fatigue life given by this curve and the 
experimental data may be interpreted 


n 
*Cumulative cycle ratio is defined as = Vv 


_ where n is the number of cycles at a given stress 
and N is the number of eyeles to produce failure 
at that stress as determined from an S-N dia- 
gram. As this assumption requires that the 
computations be carried out in terms of N and 

not log N, the antilog of mean log N was em- 

‘loved. An analysis of the data in terms of 
cumulative cycle ratio employing mean N and 
median N as measures of central tendency of 

fatigue life is given in Appendix A. 


stress only. In attempting to determine 
the cause of this unexpected long life, 
it should be noted that for the 5 and 10 
per cent series the per cent of cycles at 
the minor stress is nearly the same. Con- 
sequently it appears that this unexpected 
long life might be attributed to a smaller 
amount of damage contributed by cycles 
of major stress. That is, it appears that 
in two blocks of the 5 per cent series 
less damage is done than in one block 


5 This difference is small when life is measured 
in terms of log N; however, in terms of N the 
differences are much larger. : 
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Fic. 6.—Effect of Per Cent of Cycles at Major Stress on the Mean Log Fatigue Life for a Major a 
Stress of 50,000 psi and a Minor Stress of 30,000 psi. 
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Fic. 7.—Effect of Per Cent of Cycles at Major Stress on the Mean Log Fatigue Life for a Major 

Stress of 50,000 psi and a Minor Stress of 40,000 psi. 
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of the 10 per cent series even though 


the total number of cycles at the major 
stress is the same. This suggests that, 
during the first few cycles at a major 
stress amplitude, either damage does not 
accumulate linearly with numbers of 
cycles or a nucleation period for the 
initiation of damage occurs. 

3. The life for constant amplitude at 
the minor stress which may constitute 
an upper limit on the life for fluctuating 
_ stress amplitude appears to have only 
a small influence on the life for variable 
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various series. It will be noted that, 
regardless of the life (for a constant 
amplitude) at the minor stress, the 
data for fluctuating stress amplitudes 
tend to cluster together for all three 
percentages of major stress. This fact is 
particularly evident for the 10 and 5 
per cent series. 

The small influence of the life at the 
minor stress is indicated by the follow- 
ing observations: (a) In two instances— 
the 10 per cent series with a major and 
minor stress of 50,000 and 40,000 psi, 


j 


Major Stress - 39,800 psi e Constant Stress Amplitude Data 
$ Minor Stress — 34,100 psi © Fluctuating Stress Amplitude Data 
5 
& — Life Assuming Da 
= 
60;- —— Life Damage 
40h 

5.2 56 60 64 46 5.0 54 58 


+ — Indicates 95 per cent Confidence Limits 


Accumulates 
Linearly with N at the Major Stress Only 


Proportional to 
Summation of Cycle Ratio for Both Stresses 


Mojor Stress — 45,500 psi 
Minor Stress — 34,100 psi 


Log Number of Cycles 


stress amplitude experiments. To clarify 
this statement, “per cent of cycles at 
_ the major stress” is plotted in Fig. 9 
as a function of the decrease in total 
“life observed in the fluctuating load 
; tests (that is, log N — log Nmmajor where 
log N and log Nmajor are the mean log 
life from variable and constant major 
stress amplitude experiments, respec- 
tively). This method of plotting super- 
imposes the data of Figs. 5 through 8 

in such a way that the solid curves 
coincide. In Fig. 9 the lives from constant 
stress amplitude experiments at the 
minor stress are shown for each of the 


Fic. 8.—Effect of Per Cent of Cycles at Major Stress on Mean Log Fatigue Life. 


respectively, and the 5 per cent series 
with a major and minor stress of 45,500 
and 34,100 psi, respectively—the life 
is not significantly different® from that 
observed at the respective constant 
minor stress amplitudes. (6) However, 
in other series, the life from constant 
stress amplitude experiments at the 
minor stress was much longer than the 
life for the fluctuating stress amplitude 
data. These observations suggest that 
the life at the minor stress is not a 
significant factor in determining the life 


Log Number of Cycles 


6 This refers to significance at the 5 per cent 
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under conditions of variable stress 
amplitude. It is true that in the extreme 
instances involving major and minor 
stresses of 50,000 and 40,000 psi on the 
one hand and 50,000 and 30,000 psi 
on the other there is a small but signifi- 
cant difference for the 50 and 10 per 
cent series. In all other series, however, 
the 95 per cent confidence limits overlap 
and therefore, within the limits of 
reliability of the data, no difference can 
be established. As a corollary to these 
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amplitude is equal to the life for constant 
minor stress amplitude, further reduction 
in the per cent of cycles at the major 
stress will not increase the life obtained 
from fluctuating stress amplitude. While 
this appears logical for this material 
and no exceptions occur in the present 
data, the experiments do not prove this 
point. For a major and minor stress of © 
50,000 and 40,000 psi, respectively, : 
the life for the 10 per cent series is not 7 
significantly different from the life | 


Solid Symbols indicate Constant Stress Amplitude Data 


Fluctuating Stress Amplitude Data 
4 40,000-50,000 psi 
34,100-45, 500 psi 


34,100-39,800 psi 
© 30,000- 50,000 psi 
0 30,000-40,000 psi 


= Indicates 95 per cent Confidence Limits 


Life Assuming Damage Accumulates Linearly 
with N at the Major Stress Only 


Per cent of Cycles at Major Stress 


Log N - Log Nmajor 
Fic. 9.—Effect of Per Cent of Cycles at Major Stress on the Difference Between the Mean Log 
Fatigue Life for Fluctuating and Constant Major Stress Amplitude Data. 


observations, it is suggested that the 
magnitude of the minor stress exerts 
only a small influence on the life for 
conditions of fluctuating stress ampli- 
tude. 

4. It was suggested earlier that the 
life obtained from constant stress ampli- 
tude experiments at the minor stress 
constitutes an upper limit of life for the 
condition of fluctuating stress amplitude. 
That is, when the per cent of cycles at 
the major stress is reduced to the point 
where the life for fluctuating stress 


from constant stress amplitude experi- 
ments at the minor stress. It would be 
interesting to know the life for this 
combination of major and minor stress 
when the major stress is applied only 
5 per cent of the cycles. 


Variability of Fatigue Life: 


A complete description of the fatigue 
life distribution requires a measure of 
both the mean and variation about the 
mean. Whereas the mean fatigue life 
resulting from various combinations of 
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fluctuating stress amplitude has been 
the subject of numerous investigations, 
no such background information exists 
with respect to the variation about the 
mean. In fact, it is only in recent years 
that the variation about the mean has 
been studied for constant stress ampli- 
tude data, and information on this 
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Fic. 10.—Effect of Per Cent of Cycles at 
Major Stress on the Standard Deviation. 


aspect of the problem is far from com- 
plete. From the informaiion available 
for this material, 75S-T6 aluminum, the 
standard deviation decreases as the 
stress amplitude increases (14). How- 
ever, the method of making a straight- 
forward comparison of variability (or 
standard deviation) between constant 
and fluctuating stress amplitude data 


- 


on the basis of stress level is not im- 
mediately clear. Consequently, two meth- 
ods of comparison have been studied, 
as follows: 

1. From the study of the mean fatigue 
life for various combinations of fluctu- 
ating stress, it was found that the major 
stress exerted the predominant influence 
on the life. Consequently it seems reason- 
able to expect that the standard devia- 
tion of mean log life for conditions of 
fluctuating stress amplitude may be 
closely associated with the standard 
deviation obtained from constant stress 
amplitude experiments at the major 
stress. In Fig. 10 the standard deviation 
has been plotted versus the per cent of 
cycles at the major stress. Also included 
in this figure are the 90 per cent con- 
fidence limits from the fluctuating stress 
amplitude experiments and for constant 
stress amplitude at the various major 
stresses. A study of this figure discloses 
that with one exception the 90 per cent 
confidence limits for the fluctuating 
and constant stress amplitude data 
overlap for the 10 and 50 per cent series. 
This indicates that no_ significant 
difference between the standard devia- 
tions can be established. The one 
exception is the 50 per cent series for a 
major and minor stress of 40,000 and 
30,000 psi, respectively. The 90 per cent 
confidence limits do not quite meet; 
however, the difference (see Table I) 
is so small that it appears unwise to 
draw any conclusions concerning this 
discrepancy based on the results of only 
20 specimens. 

For the 5 per cent series, the standard 
deviations were larger than the standard 
deviation for constant stress amplitude 
data at the major stress. However, 
since the fatigue life for the 5 per cent 
series was longer than anticipated, the 
larger standard deviations should not 
be entirely unexpected and in fact may 
add additional support to the hypothesis 
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that damage is not linearly cumulative 
during the first 500 cycles at the major 
stress amplitude. 

2. From the observation that as the 
stress (constant stress amplitude) de- 
creases the standard deviation and also 
the life increase, it appears that the 
observed fatigue life may provide a 
rough index to the variation of the 
standard deviation. In Fig. 11 the 
standard deviation has been plotted 


versus mean log N (log N) for both the 


T 
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improved by plotting standard devia- 
tion versus log N. 


SUMMARY AND CONCLUSIONS a 


An experimental program was de- 
signed to study two aspects of the 
problem of the influence of fluctuating 
stress amplitude upon fatigue life of 
75S-T6 aluminum. The two aspects 
were (1) the interaction between various 
amplitudes of major (high) and minor 
(low) stress and (2) the influence of the 
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Fic. 11.—Variation of Standard Deviation for Constant and Fluctuating Stress Amplitude Data 


with Fatigue Life. 


constant and fluctuating stress amplitude 
data. It is clear that, although a general 
trend is present, the correlation between 
the constant and fluctuating stress 
amplitude data based on mean log life 
is not good. Whereas this procedure 
tends to better correlate the data for the 
5 per cent series, the data for which 
good correlation was obtained in Fig. 10 
now appear out of line. The correlation 
of the one set of data which exhibited 
an unexpectedly large standard devia- 
tion noted in connection with Fig. 10 
(50 per cent at 40,000-30,000 psi) is not 


per cent of cycles at the major (high) 
stress. For this purpose specimens were 
subjected to repeated blocks of 10,000 


cycles, during which the stress amplitude 
was maintained at the minor stress for a _ 


certain percentage of cycles in each 
repeated block and then rapidly shifted 
to the major stress amplitude for the 
remainder of the cycles in each block. 
In this way each specimen, regardless 
of its fatigue life, was subjected to 


approximately the same per cent of _ 


cycles at the major and minor stresses. 
Various magnitudes of major and minor 


stress were employed as well as various 
percentages of cycles at the major 
stress. Nine series of data, each con- 
- taining 20 specimens, were collected. 
_ The data were analyzed statistically to 
obtain values of mean log NV and standard 
deviation of known reliability. 

Within the limits imposed during the 
_ investigation, the following conclusions 
appear to be justified: 

1. The fatigue life frequency distribu- 
tion resulting from fluctuating stress 
amplitude may be represented approxi- 
mately by a log-normal distribution. 

2. The magnitude and per cent of 
cycles of major stress were the most 
important factors in determining the 
mean fatigue life (log 

, 3. The rate at which damage accumu- 
lates during the first few cycles (500) 
; each time a major stress was applied 
was lower than the rate at which it 
accumulates during an equal number of 
_ cycles later in a continuous sequence of 
cycles at the major stress. For example, 
_ the damage accumulated during two 
i repeated blocks of a 5 per cent series 
was less than the damage accumulated 
during one block of a 10 per cent series 
_ (same major and minor stresses) even 
_ though the number of cycles of major 
stress was the same. 

4. The contribution of cycles of minor 
stress to damage appeared to increase 
as the per cent of cycles at the minor 
stress increases. However, the amplitude 
of the minor stress, the life at the minor 
stress, or the stress increment between 
the major and minor stress had only a 
small influence upon the contribution of 
cycles of minor stress to damage for the 
range studied. It was only in the extreme 
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cases (judged on the basis of life at the 
minor stress) that a significant difference 
between the contribution to damage of 
two different minor stresses could be 
established. 

5. No completely satisfactory method 
of correlating the standard deviations 
obtained from constant and fluctuating 
stress amplitude data was found. In 
general, the standard deviation for 
fluctuating stress amplitude data was 
not significantly different from the 
standard deviation for constant stress 
amplitude data at the major stress for 
either the 10 or 50 per cent series. 
However, for the 5 per cent series, the 
observed standard deviations were sig- 
nificantly larger than those from constant 
stress amplitude experiments at the 
major stress. It appears that this differ- 
ence and the unexpectedly long life for 
the 5 per cent series may be closely 
associated with the phenomena discussed 
in conclusion 3. When the standard 
deviation was compared to mean log V 
for both constant and fluctuating stress 
amplitude data, a general trend was 
present; however, the correlation was 
not good. 
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For the purpose of comparing the results 
of the present investigation with those of 
previous investigations, the cumulative 


cycle ratios (25) were computed for each 


series of data. When the results of a group 


TABLE II.—FATIGUE LIFE IN TERMS OF MEAN N, MEDIAN N, AND 
CORRESPONDING CYCLE RATIOS. 


On FatIcuE Lire or ALUMINUM 


APPENDIX A 


these measures of fatigue life are shown in 
Table II. A study of the values of cumulative 
cycle ratios indicates that they do not ap- 
proach a value of one or any other constant 
value as has been suggested by several in- 
vestigators (4, 5). Also there appear to be 


Major Stress, psi Cycles at Mean Life* V N 
Major Stress on N on N 
VARIABLE Stress AMPLITUDE 
a 30 000 50 441 256 0.843 0.670 
ae 30 000 10 1116 658 0.466 0.372 
eee 30 000 50 97 92 0.889 0.940 
Sere 30 000 10 274 252 0.510 0.527 
a 30 000 5 2062 2126 1.96 2.27 
a 40 000 50 56 52 0.612 0.666 
ee 40 000 10 220 224 1.15 1.50 
a 34 100 10 1043 848 0.789 0.788 
34 100 5 2730 1487 3.44 2.11 
Constant Stress AMPLITUDE 
Stress, psi | Ne Ne 
1 655 1 400 


* Life in thousands of cycles. 


of specimens (20 in each series) are avail- 
able, it has been customary to employ 
mean N or median N as a measure of fatigue 
life. The mean and median values of NV 
(fatigue life) along with the cumulative 
cycle ratios obtained by employing each of 


no consistent trends in the values of cumu- 
lative cycle ratio. Consequently, it appears 
that this method of predicting fatigue life 
is not reliable, at least not for the pattern 
of fluctuating stress amplitude employed in 
these experiments. 
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Mr. GEORGE R. Goun.'—Fatigue re- 
sults are sometimes rather difficult to 
interpret, so that the introduction of a 
different concept or a different method of 
plotting makes it a bit difficult to follow 
the thesis which the authors are trying 
to develop. I would urge that they con- 
sider plotting all of the test results to a 
conventional scale unless there is some 
definite advantage in using the logarithm 
of the number of cycles. 

Mr. R. E. Peterson.2—For want of 
something better the cumulative cycle 
ratio >. = A has been used in design 
with A = 1. This has given reasonable 
results in connection with railway axles 
and also in the aircraft field. In view of 
the spread of A found in laboratory tests, 
one cannot help wondering why the past 
procedure has been at all satisfactory. 
Incidentally, this is not a matter of being 
covered by a large factor of safety, since 
for railway axles the life before initiation 
of fatigue cracks has been predicted 
within a reasonable range. 

Two points should be noted with re- 
gard to the service applications men- 
tioned. First, the stress amplitudes are 
“mixed” with regard to the time scale, 
so that results from step-up or step- 
down tests (that is, testing at one stress 
level for a given number of cycles fol- 
lowed by the remainder at another stress 
level) would not be expected to be ap- 
plicable in this instance. Second, in 
service a small number of cycles usually 


! Supervisor, Creep and Fatigue Laboratories, 
Bell Telephone Laboratories, Inc., New York, 
N. Y. 

2 Manager, Mechanics Department, Westing- 
house Research Laboratories, East Pittsburgh, 
Pa. 


DISCUSSION 


occur at the higher stress levels as com- 
pared to the larger numbers of cycles at 
lower levels. In laboratory tests various ; 
ratios of high and low stresses are used, __ : 
sometimes a 50 per cent ratio of total; 
while this information is all of basic 
value, much of it may not be applicable 
to the types of service cited. 

With regard to the first point, the tests — 
of the paper under discussion are of 
particular value since the stress pattern 
is repeated so that “mixing” occurs. With 
regard to the second point, it is interest- 
ing to note that the A values closest to — 
unity occur where the higher stress op- 
erates 5 or 10 per cent of the time. It _ 
appears that operating somewhere be- — 
tween 5 and 10 per cent might have 
resulted in approximately A = 1 in this | 
particular case. 

As further evidence, curvesfor A = 1 
are shown in heavy dashed lines (accom- | 
panying Fig. 12) on a plot of tests from © 
the same laboratory® at a 10 per cent — 
ratio. It will be noted that these are in 
reasonable agreement with the data and 
the full curves drawn by the authors to 
represent the data. 

To speculate a bit, perhaps one might 
expect approximate agreement with 
A = 1 if the slope of the damage curve 
(and preferably also that of the S-N 
curve) would be in approximate accord- 
ance with the ratio of high and low 
stresses (or with the stress spectrum in 
general). 

The authors’ views in this respect ; 4 

3T. J. Dolan, F. E. Richart, Jr., and C. E. 

Work, “The Influence of Fluctuations in Stress 
Amplitude on the Fatigue of Metals,” Proceed- 


ings, Am. Soc. Testing Mats., Vol. 49, p. 646 
(1949). 
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would be appreciated. The paper is an 
excellent one, particularly in view of the 
statistical procedures used to greatly 
enhance the validity of the results. 
Messrs. H. T. Corten, G. M. SIN- 
CLAIR, AND T. J. Doan (authors’ clo- 
_ sure).—The authors wish to thank the 
_ discussers for their comments. Mr. Gohn 
has raised the question of why the loga- 
rithm of the number of cycles was 
employed in the plotting of data in 
Figs. 5, 6, 7, and 8 instead of the more 


55000 


ratios approached one. Because the re- 
sults with small numbers of load cycles 
at the high stress were of particular in- 
terest to the authors, this study was 
subsequently extended to include series 
having 1, 2, 4, and 6 per cent of cycles 
at the high stress. The major stress was 
applied by employing controlled elec- 
trical current in a solenoid instead of by 
dead weights. The data obtained using 
this modified system are believed to be 
accurate, but these latter results do not 
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Fic. 12.—Test Results for Unnotched Specimens of 75S-T Aluminum Alloy with Cycle of 10 per 


cent S max and 9) per cent S min. 


conventional procedure of plotting the 
number of cycles to a logarithmic scale. 
The logarithm of the number of cycles 
was employed to facilitate the procedure 
used in Fig. 9; that is, plotting the 
difference between two logarithms as the 
abscissa in this figure. The similarities 
between the various sets of data were 
most apparent when the data were 
plotted in this manner. 

Mr. Peterson has made the interesting 
observation that in the range where the 
percentage of cycles at the high stress was 
small (10 per cent or less) the data indi- 
cated that the summation of the cycle 


agree entirely with those presented in the 
paper for the two series having 5 per cent 
of the cycles at the high stress. The lives 
for the 4 and 6 per cent series are con- 
siderably shorter than the 5 per cent 
series reported in the original paper. 
However, these later studies do confirm 
and agree with the results for those tests 
in which 10 per cent of the cycles were at 
the major stress. The reason for this dis- 
crepancy in the 5 per cent series is not 
known, and hence it appears unwise to 
draw any definite conclusions for this 
series. 
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FATIGUE STRENGTH OF 14S-T4 ALUMINUM ALLOY 
SUBJECTED TO BIAXIAL STRESSES* 


By R. W. Bunpy! anp JosePH Marin? 
The purpose of this investigation was to determine the influence of biaxial 


SYNOPSIS 

tension-tension and biaxial tension-compression stresses on the fatigue 
strength of a 14S-T4 aluminum alloy. The biaxial fatigue stresses were pro- 
duced in a specially designed testing machine by subjecting a circular thin- 
_ walled tubular specimen simultaneously to pulsating internal pressure and 
fluctuating axial tension or compression. The influence of various ratios of 
the biaxial stresses on the fatigue strength was investigated. ; 

The test results show that the fatigue strength is greatly affected by the 
anisotropy of the material. Attempts are made in this paper to interpret the 
test results by using a modified energy theory of failure which provides for — 
anisotropy of the material. 


Although many machine and struc- duced by subjecting a solid round 
tural parts are subjected to combined specimen to combined torsional and 
fatigue stresses, most available fatigue bending moments. By means of com- 
strength data have been obtained for bined torsion and bending, ratios of the 
simple stresses such as fluctuating 


tension and bending. Furthermore, most 
investigations (1 — 12)* that have been 
conducted to determine combined fa- 
tigue strengths have considered only 
biaxial tension-compression _ stresses. 
These biaxial tension - compression 
stresses in most cases have been pro- 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1E. I. du Pont de Nemours, Inc., Wilming- 
ton, Del. 

?Head, Department of Engineering Me- 
chanics, The Pennsylvania State University, 
State College, Pa. 

?The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 765. 


biaxial principal stresses = from —1.0 


to 0 can be investigated. A wider range 
of biaxial stress conditions can be in- 
vestigated by subjecting a thin-walled 
tubular specimen to fluctuating internal 
pressure combined with fluctuating 
axial tension or compression. A thin- 
walled tubular specimen in which the 
stresses are essentially uniform through- 
out the cross-section has the added > 
advantages that size effects are reduced _ 
and possible strengthening effects of 
lower stressed fibers are eliminated. For 
the foregoing reasons this investigation 
on biaxial tension-tension and _ biaxial 
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tension-compression fatigue strengths of 
aluminum alloy 14S-T4 was conducted. 


BIAXIAL FATIGUE TESTS OF 
Atuminum ALLoy 14S-T4 


The results reported in this paper 
represent a continuation of an investiga- 
tion sponsored by the National Advisory 
Committee for Aeronautics and reported 
in reference (9). The present paper gives 
a reinterpretation of the results previ- 
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The mechanical properties as fur- 
nished by the Aluminum Company of 
America were: tensile strength, 61,500 
psi + 2.8 per cent; yield strength, 
36,000 psi + 10.4 per cent; and elonga- 
tion in four diameters, 21.4 per cent + 
4.5 per cent. The above values are the 
average of tests on specimens taken from 
the bars in longitudinal, transverse, and 
diagonal directions. The manufacturers’ 
data indicated that about half the varia- 
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Fic. 1.—Biaxial Fatigue Specimen. 
Notes.—Fractional Dimertsions Held to +444. Inner and Outer Surface of Tube Polished Axially. 


ously reported and presents new test 
results for combined tension-compression 
fatigue stresses. The authors found only 
one reference where both tension-tension 
and tension - compression fatigue 
strengths have been previously in- 
vestigated (12). 


Material and Specimens: 


The material tested in this investiga- 
tion was a heat-treated aluminum alloy 
designated 14S-T4. It was received in 
the form of hot-rolled bars 7} in. long 
and 15, in. outside diameter with a 
bore of in. 

The nominal composition in addition 
to aluminum and normal impurities was 
as follows: copper, 4.4 per cent; silicon, 
0.8 per cent; manganese, 0.8 per cent; 
and magnesium, 0.4 per cent. 


tion in the mechanical properties could 
be attributed to anisotropy, while the 
remaining difference was due to normal 
variations in the material. 

Static tests on finished tubular speci- 
mens yielded the following average 
values: tensile strength, 63,000 psi; 
yield strength (0.2 per cent offset), 
37,500 psi; elongation in 2 in., 21.5 per 
cent; modulus of elasticity, 10.8 X 
10° psi. 

The finished specimens had an over- 
all length of 7 in. The test section 
length was approximately 4 in. with an 
inside diameter of 1 in. and a wall thick- 
ness of 0.05 in. Both the inner and outer 
surfaces were polished with 9/0 metal- 
lurgical abrasive paper in order to 
minimize the possibility of fatigue 
cracks starting at surface imperfections 
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Complete dimensions and tolerances of 
the specimen are shown in Fig. 1. 


Fic. 2.—Biaxial Fatigue Machine, Front View. 


Stresses Produced: 


For a tubular specimen subjected to 
an axial load P and internal pressure ?, 
the axial stress is 


where: 
a = the inner radius of the specimen, 
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b = the outer radius. ; 
The circumferential stress, o2, for _— 


thick-walled cylinder, by Lamés theory, 
can be shown to be: 


(0? — a?) 


The maximum stress defined by Eq 2 
occurs on the inner surface of the speci- 
men. Using the assumption of a thin- 
walled cylinder, the average circum- 
ferential stress is about 5 per cent less 
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_ than the value given by Eq 2 (for the 
average specimen dimensions used). 
For fluctuating loads which vary 
_ from minimum values of p’”’ and P’” to 
- maximum values of p’ and P’ (with 


mean values p” = and P” 


2 


the maximum, mean, 
and minimum stress values are 


(3) 


— a?) 


Testing Machine: 


The testing machine used for the 
biaxial tension-tension fatigue tests is 
described in detail in reference (9). In 
order to conduct the compression-ten- 
sion tests reported herein, it was neces- 
sary to make modifications, the chief of 
which consisted in the construction of a 
compression adapter, to make possible 
the application of axial compression, and 
the development of an automatic pres- 
sure control system. 

This specially designed testing ma- 
chine is illustrated in Fig. 2. The power 
unit of the testing machine is a 3-hp, 
1740-rpm, 220-v a-c motor, labeled A in 
Fig. 2, which actuates the eccentrics Y 
(Fig. 2) and Z (not shown in Fig. 2), 
through a 6 to 1 gear reduction. The 
eccentric Y operates an American Bosch 
injection pump B which supplies the 
fluctuating hydraulic pressure. The ec- 
centric Z applies a force to the right 
end of the lever P through the bar G. 
The left end of the lever P is connected 
to the compression adapter S. 

In order to fill the hydraulic system 


and obtain the minimum pressure, oil 
is drawn from the supply tank D by 
the hand pump F and pumped into the 
system through the check valve N 
(Fig. 2). This minimum pressure is in- 
dicated on the low pressure gage L. 
Before the machine can be started the 
the valve J must be closed in order to 
protect the low-pressure gage L from 
the high pressures developed by the 
pump B. This in effect separates the 
hydraulic system into two parts—a 
high-pressure side and a low pressure 
side, the only connection between the 
two being the check valve K, in the 
special valve block K (see Hydraulic 
Schematic, Fig. 3). After the machine 
is started, the maximum pressure is in- 
dicated on the high-pressure gage H. 
The check valve Kz in the valve block 
K allows the maximum pressure to be 
measured but prevents the violent 
needle fluctuations which would be 
present if the gage were unprotected. 
During operation, loss of pressure is 
prevented by a Bristol hydraulic con- 
trol T which is essentially a bourdon 
tube pressure gage wherein the pointer 
makes an electrical contact if it falls 
beneath or if it exceeds certain pressure 
levels. These pressure levels may be set 
into the controller by hand. Thus when 
the pressure in the low side of the hy- 
draulic system falls below the minimum 
the controller makes contact and by 
means of a relay U (Fig. 4) causes the 
pump E to force oil into the low side of 
the system through the check valve O. 
The low side pressure is then higher 
than the minimum pressure in the high 
side, and oil will flow through the check 
valve K, into the high side when the 
pump is at the bottom of its stroke. 
The minimum pressure is_ therefore 
kept at a constant level which in turn 
maintains the maximum pressure at a 
constant level also as long as the stroke 
of the pump does not change. When the 
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pressure on the low side is restored to its 
desired value the pointer on the con- 
troller makes contact again and turns off 
the pump E by interrupting the pump 
motor circuit. The sensitivity of the 
pressure controller may be regulated by 
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minimum pressure as it forces oil into 
the hydraulic system. 

After a fatigue crack occurs in the 
specimen, oil is forced through the 
crack against a sheet aluminum shield 
and is thus directed downward into the 
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manipulation of the by-pass valve J 
which controls the amount of pump 
output actually entering the system 
through the check valve O. The by-pass 
valve is a very important component of 
the control system in that proper ad- 
justment will prevent the make-up 
pump E from overshooting the desired 


« Fic. 3.—Hydraulic System for Biaxial Fatigue Machine. 


balanced pan R (Fig. 2). The oil in the 
pan causes an unbalance which trips 
the microswitch Q and shuts off the 
machine. The number of stress cycles 
which the specimen has undergone may 
then be read from the _ revolution 
counter C. 

In order to prevent the make-up 
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_ pump from continuing to operate after 
bs the development of a fatigue crack in 
the specimen, it was necessary to con- 
nect the electrical system in such a 
_ manner as to permit the microswitch to 
interrupt both the 220-v loading motor 
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Schematic, Fig. 4). Therefore, when the 
microswitch turns off the motor A it 
also interrupts the pressure control 
circuit. The switch W allows the micro- 
switch to be by-passed if desired. This 
is sometimes necessary when making 
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WADSWORTH NO. 8593RX SWITCH 
Spole, 30 omp., 3 HP, 230v. 
GENERAL ELECTRIC MAGNETIC 

SWITCH NO. CF- 22! 
START- STOP SWITCH x | 


CENTURY SQUIRREL CAGE POLY- 


PHASE INDUCTION MOTOR, 
220v, 8.5 amp., 3 HP, 1740 rpm, 
60 cycle, MOD. $C-225-JA 4-3 


WESTINGHOUSE SINGLEPHASE 


TYPE CR MOTOR, liSv, 
LHP, GOcycle, 1740 rpm. 


| BRISTOL MODEL 87 PRESSURE 


| CONTROLLER T 


ALLEN BRADLEY TYPE BA 


| RELAY CONTACTOR U 


cient WESTINGHOUSE TYPE CR 
\ | SAFETY SWITCH 
J 


V. POWER SUPPLY 


circuit A and the 110-v pressure control 
system. This was accomplished without 
the use of additional relays by using 
one line of the 220-v supply system 
and the neutral line of the 110-v supply 
system as the 110-v source for the pres- 
sure control system (see Electrical 


Fic. 4.—Electrical System for Biaxial Fatigue Machine. 


initial adjustments at the beginning of a 
test run in order to prevent accidental 
tripping of the microswitch from stop- 
ping the machine. 

Before it was — to conduct tests 


at stress ratios = of ay and —1, it 


— 
7 
| 
, 
{ 
| ots L 
| 
| MICRO SWITCH Q 
| | 
4 
4 
| 
x 
| R 
4 
’ 


uw 


: On FATIGUE STRENGTH OF ALUMINUM ALLOYS 


was necessary to design and construct 
a compression adapter S, Fig. 5 to con- 
vert the axial tensile load from the lever 
P into axial compression. The compres- 
sion adapter is connected to the machine 
by means of threaded fittings in the 
upper receiving plate S-8 and lower 
receiving plate S-1. The upper receiving 
plate is connected to the lower transfer 
plate S-2 by four tension rods S-9, and 
the lower receiving plate is connected 
to the upper transfer plate S-7 in the 
same manner. The tensile load on the 
receiving plates is therefore converted 
to compression at the transfer plates 
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ring S-4. This ring has right-hand in- 
ternal threads to accommodate the 
specimen and left-hand external threads 
which engage left-hand internal threads 
in the lower loading head. It is there- 
fore possible to advance the specimen 
into the lower loading head by turning 
only the locking ring until the conical 
seats effect an oiltight seal. A special 
spacer was made of 1-in. pipe between 
nuts on the tension rods S-9. Each rod 
was inserted in the spacer and the nuts 
tightened to the same torque in each 
case. The nuts and rods were then 
drilled for cotter pins while the rod 


Fic. 5.—Compression Adapter. 


and is transmitted to the loading heads 
S-3 and S-6 by means of spherical seats. 
The upper loading head S-6 includes an 
hydraulic fitting S-11 which acts as a 
vent while the system is being filled with 
oil. The lower loading head is provided 
with an hydraulic fitting S-10 which is 
connected to the hydraulic system. The 
specimen S-5 is screwed into the upper 
loading head until the 60-deg male cone 
(Fig. 1) makes an oiltight junction with 
a mating female cone in the loading 
head. In order to maintain the neces- 
sary alignment between the loading 
heads to allow the tension rods to pass 
through, the specimen enters the lower 
loading head by means of the locking 
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remained in the spacer. The rods and 
nuts were then stamped with identifica- 
tion numbers so that the nuts would 
always be in their proper positions on 
the rods when the compression adapter 
was assembled, therefore minimizing the 


possibility of nonaxial loading. a 
Calibration of Testing Machine: 


The tension bar G was calibrated by : 


subjecting it to tensile loads on a Bald- 
win-Southwark hydraulic testing ma- 
chine and observing readings from two 
SR-4 electric strain gages placed on 
opposite sides of the bar. A calibration 
curve was plotted from these data, thus 
making it possible to set axial loads ‘into 
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the machine by measuring strains in 
the tension bar. 

An investigation was made to deter- 
mine the effect of neglecting inertia 
forces due to the motion of the lever P. 
The equipment used consisted of a 
Hathaway type S-14A oscillograph 
which made photographic records of 
the strains in the specimen while the 
drive shaft was rotated by hand, and 
then again, while the machine operated 


at normal speed. Comparisons of these 
records showed the maximum error due 
to neglecting inertia forces to be less 
than 1 per cent of the applied load. 

Axiality of loading was checked by 
measuring strains at four points equally 
spaced around the circumference of the 
specimen. The strain variation over the 
cross-section of the specimens was held 
to an error of less than 2 per cent. 

The pressure gages were calibrated 
by means of a dead weight gage tester. 
Pressure readings could be observed to 


the nearest 25 psi. This means that the 
errors in stresses due to errors in pres- 
sure values was about 125 psi or of 
negligible amount. 


Method of Testing: 


Before testing the wall thickness of 
each specimen at 16 locations was meas- 
ured by a special apparatus (Fig. 6). 
consisting of a rigid bar FF mounted 
between two lathe tail stocks supported 


Fic. 6.—Wall Thickness Measuring Apparatus. 


by a lathe bed. A 0.0001-in. dial in- 
dicator KK, also mounted on the lathe 
bed, is set to read zero when its pointer 
bears on the protrusion LL. The wall 
thickness of the specimen may be read 
directly on the dial when the specimen 
is placed over the protrusion. The out- 
side diameter of the specimen is obtained 
by averaging micrometer readings taken 
in two perpendicular directions at each 
of four cross-sections along the specimen 
length. 

After the dimensions of the specimen 
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are obtained, it is mounted in the com- 
pression adapter (Fig. 5). The adapter 
is then attached to the testing machine 
by the upper and lower receiving plates 
S-1 and S-8 (Fig. 5). After internal 
pressure is applied, the specimen con- 
nections are checked for possible oil 
leakage. 
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justed by the eccentric setting and by 
the load rack of the Bosch pump. The 
eccentric Y can be adjusted relative to 
the drive shaft in order to bring the 
maximum values of the internal pres- 
sure and axial load in phase. The fore- 
going phase adjustment is done manually 
and checked under dynamic loading 
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Stress Cycles 


Fic. 7.—S-N Curves Plotted by Least Square Method. 


The eccentric Z is next adjusted under 
static loading conditions to provide the 
desired minimum and maximum axial 
loads. The loads were measured by a 
calibrated electric strain gage type 
dynamometer. 

The internal pressure in the specimen 
is adjusted by use of the eccentric Y. 
The hydraulic system is then filled by 
means of the hand pump F until the 
desired minimum pressure is attained 
with the pump at the bottom of its 
stroke. The maximum pressure is ad- 


conditions using SR-4 gages and a 
Hathaway oscillograph to record the 
axial and circumferential strains on the 
specimen. It is found that when the 
load is adjusted statically this in-phase 
condition is maintained under dynamic 
loading. 

After the machine is in operation for a 
few minutes, slack in the mechanical 
linkages may require readjustment of 
loads. During subsequent operation the 
applied load values are checked several 
times a day. The microswitch shuts off 
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the motor when a specimen fractures 
and the cycles to failure can then be ob- 
tained from the revolution counter 
reading. 


Test Results: 


Fatigue strengths were obtained in 
this investigation, for ratios of cir- 
cumferential stress to axial stress R = 
2 equal to infinity and —1. These 
stress ratios correspond to states of 
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using the method of least squares. 
These equations are also shown in Fig. 
7. Specimens which did not fail are 
indicated in Fig. 7 in the usual manner 
by means of arrows. —=_ 
Figure 7 shows influence of combined 
stress on the fatigue strength, since if a 
state of combined stresses had no in- 
fluence on the test results all S-N dia- 
grams would coincide. It is also clear 


Analysis and Discussion: 
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stress g2’ = —o;' and o;’ = 0. Tests from Fig. 7 that the directional proper- 


were previously reported (9) for stress 
= 0, 0.5, 1.0, and 


1 
2.0. In all tests the minimum stress 
values were kept as small as possible 
and the values of these stresses may 
therefore be considered as equal to 
zero. This means that the ratio of the 
mean to maximum stresses was main- 
tained approximately equal to 0.5. 

The S-N relations for each of the 
foregoing six stress ratios are plotted in 
Fig. 7. For each stress ratio, in Fig. 7, 
the equation of the curve which best 
fitted the test results was determined 


ratios R 


= 
= 


ties of the material are more pronounced 
under fatigue stresses than for static 
stresses. This is indicated by comparing 
the fatigue strengths for the stress ratios 
R = and R = 0. The percentage dif- 
ferences between these fatigue strengths 
is about 15 per cent for 10® cycles, while 
the strength difference under static 
stress conditions is much less than this 
value. 

The influence of the principal stress 
ratio R is shown by plotting the strength 


C1 G2 
ratios — versus — (Fig. 8). In deter- 
Gel Fel 


mining these ratios, strength values were 
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selected from Fig. 7 for 10® cycles. The 
value of a, used is the value of o;’ 
for a2’ = 0, that is, for a fluctuating 
axial stress o, which varies from es- 
sentially zero to a value oy’. 

Various theories were considered in an 
attempt to interpret the data shown in 
Fig. 8. The anisotropic nature of the 
material precludes the use of the various 
theories that have been proposed in the 
past, such as the shear, stress, and dis- 
tortion energy theories. Anisotropic 
theories proposed by Findley (11) are 
also inadequate since these theories are 
intended for use in cases of combined 
tension and shear. A theory referred to 
as the modified energy theory was de- 
veloped in an attempt to interpret the 
test results obtained. This theory pro- 
vides for anisotropic effects and reduces 
to the fatigue distortion energy theory 
for isotropic materials (13). It can be 
shown‘ that for the state of stress con- 
sidered the theoretical biaxial fatigue 
strength is defined by 


(01)? + + (02)? + kyon = . . (5) 
where: 
a.) = the fatigue strength. 


The constant ks in Eq 5 is determined 
from the test data by noting that for 


2 — 


=0,k; = For evaluating 


2 
the test results for = were 
used. Figure 8 shows a plot of the fore- 
going Modified Energy Theory. 


4A paper is being prepared which gives the 
theoretical development of this theory. 
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A comparison of the theoretical and 
experimental results in Fig. 8 shows 
general agreement between theory and 
tests. There are not sufficient test data, 
however, to arrive at a definite con- 


clusion. In examining the test results of 


Fig. 8, it appears that the value for 
R = 2.0 is inconsistent with the other 
results obtained. 


CONCLUSIONS 

Biaxial tension-tension and _ tension- 
compression fatigue strength values for 
an aluminum alloy 14S-T4 were ob- 
tained in this investigation showing the 
general influence of biaxial strength on 
fatigue strength. It was also found that 
the degree of anisotropy was greater for 
fatigue than for static stresses, the fa- 
tigue strength in the circumferential 
direction of the tubular specimens being 
about 85 per cent of that in the longi- 
tudinal direction. 

Available theories of failure were 
found inadequate for interpretating the 
test data and for this reason a modified 
energy theory was proposed. The 
validity of this new theory could not be 
determined in view of the limited 
amount of test data available for the 
stress range considered. 
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DISCUSSION 


Mr. Harry Majors, Jr.' (presented 
in written form).—The authors have 
presented a fine discussion of biaxial fa- 
tigue tests on thin-walled tubes and are 
to be complimented for obtaining data 
which is time-consuming. Figure 8 repre- 
sents only six points, but much precedes 
the obtaining of this data. 

A similar machine was used in 1949? in 
which the various stress ratios were ob- 
tained, using suitable pressure heads. 
These heads can give pure tension in 
longitudinal or tangential direction, ten- 
sion-tension, tension-compression, or 
compression stresses. 

Do the authors see any advantage in 

oy 
plotting — versus —-, where oe: is ex- 
Te2 
plained by the authors and o,2 is the 
value of o»’ for a; = 0, that is, for a 
fluctuating stress o2 which varies from 
essentially zero to a value a2. 

Does Fig. 8 imply that oe: in tension 
is equal to o.; in compression? 

Would the authors comment further 
on the predominant direction of the 
polishing scratches? 

When the material is markedly aniso- 
tropic, then the energy theory should be 
modified as suggested by the authors. 
This has been given increased attention 
in recent years as many strange metals 
come into engineering use, especially 
those for use in atomic energy machines. 

Another set of data for R = 2.0 would 
be interesting. 


1 Research Professor, College of Engineering, 
University of Alabama, University, Ala. 

2H. Major, Jr., B. D. Mills, Jr., and C. W. 
MacGregor, ‘‘Fatigue Under Combined Pulsat- 
ing Stresses,’ Journal Applied Mechanics, Vol. 
15, Sept., 1949, p. 269. 


Mr. R. E. the 
authors comment on the directions of 
the fractures and the appearance of the 
fractures? With isotropic material, one 
could speculate rather reasonably as to 
what one would expect to get, but in the 
nonisotropic material, it seems to me this 
is not at all obvious; information regard- 
ing fracture directions would therefore 
add considerably to the value of the 
paper. 

Mr. Louis F. Corrin, Jr.*—The 
authors have undertaken a very difficult 
but important investigation in the field 
of fatigue of metals and should be com- 
mended for their successful attack of the 
problem. As they point out, the experi- 
mental results obtained to date are rather 
meager, so that it is somewhat premature 
to draw very definite conclusions regard- 
ing the effect of combined stress. Addi- 
tional experimental information will un- 
doubtedly be forthcoming and is awaited 
with interest. 

The anisotropy of the tubular speci- 
mens seems to be a problem encountered 
whenever tubes are machined from rolled 
bars. One way to resolve this problem is 
to fabricate the specimens from large 
billets. Utmost care must be used to en- 
sure isotropy in the material if the effects 
of combined stress are to be properly 
investigated, since anisotropy can other- 
wise disguise the results. 

The S-N curves for stress ratios R = 0 
and R = o (Fig. 7) are particularly 

3 Manager, Mechanics Division, Westing- 
house Research Laboratories, East Pittsburgh, 
~ Supervisor, Mechanical Metallurgy, Knolls 
Atomic Power Laboratory, Schenectady, N. Y. 


(operated fur the U. S. Atomic Energy Com- 
mission by the General Electric Co.). 
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interesting since they show a convergence 
at high stress levels. Here the anisotropy 
appears to be a function of stress level. 
The writer wonders whether an examina- 
tion of the respective static tension tests 
in the low-strain regions might shed any 
light on this behavior. For example, if 
there were a difference in flow stress at 
very small plastic strains which disap- 
peared at somewhat larger strains, the 
behavior illustrated in Fig. 7 might be 
explained. Hence, it would be of interest 
to see the static stress-strain curves in 
these two directions. 

Messrs. R. W. BuNDy AND J. MARIN 
(authors’ closure)—In reply to Mr. 
Majors’ first question, the 


lieve it is preferable to plot 


(as “_—- in Fig. 8) rather than ov 
Cel 
versus — — because the use of oe: in both 


ratios reduces both coordinates to a 
common denominator and more clearly 
shows the effect of anisotropy on the 
fatigue strength of the material as the 
stress ratio, R, is varied. 

Since no test data concerning ge: in 
compression were available, one of the 
basic assumptions of the modified energy 
theory, as presented here, is that oe: is 
the same in tension and compression. As 
a result of this assumption the curve 
representing the theory passes through 


both —1 and +1 on the axis of Fig. 8. 
el 


This is not intended, however, to imply 
that o.1 in tension and o,; in compression 
are equal for the material upon which the 
tests were conducted. In cases where test 
data show that o,; in compression differs 
from g-: in tension, the modified energy 
theory may be adjusted by the addition 
of a term which contains a constant that 
may be evaluated from the experimental 
value of o-1 in compression. 

The predominant direction of the 
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polishing scratches was along the longi- 
tudinal axis of the specimen since the 
final polish was in this direction. 

The authors agree that another set of 
data for R = 2 would be of considerable 
value. Unfortunately, however, there 
was not sufficient material available from 
which to make additional specimens. 

Regarding Mr. Peterson’s remarks, the 
directions of the fractures varied accord- 
ing to the value of the stress ratio, R. 
For a value of R = 0 (axial stress only) 
the specimens broke into two pieces with 
the direction of the fracture perpendicu- 
lar to the longitudinal axis of the speci- 
men. The specimens which were tested 
at a stress ratio of R = 0.5 exhibited the 
same type of failure as those tested in 
axial tension, except in some cases the 
direction deviated about five or ten 
degrees from perpendicular to the longi- 
tudinal axis. For all other stress ratios 
(R = 1, 2, «©, —1) the fractures ap- 
peared as small cracks parallel to the 
longitudinal axis of the specimens. It is 
interesting to note that the specimens 
tested at a stress ratio of R = 1 failed by 
an axial crack rather than by a crack at 
45 deg to the longitudinal axis as might 
have been expected if the material had 
been isotropic. However, since the speci- 
mens were stronger axially than circum- 
ferentially, the crack direction correlates 
with the anisotropy of the material. 

Mr. Coffin’s suggestion that an exam- 
ination of the low strain regions of the 
static stress-strain curves in the axial 
and transverse directions might yield 
some information that would help ex- 
plain the apparent dependence of 
anisotropy on stress level is an excellent 
one and is appreciated by the authors. 
Unfortunately, however, the static con- 
trol data was primarily supplied by the 
manufacturer of the test material several 
years before the final fatigue tests were 
completed, and the original curves are 
not available for examination. _ 
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dynamic types. 


Aluminum alloys are widely used for 
structures where fatigue is a design fac- 
tor. In view of recent trends in service 
requirements, it becomes desirable to 
extend existing data so as to include 
elevated temperatures. Therefore, not 
only fatigue strength but also creep and 
rupture properties under various com- 
binations of fatigue stress (or dynamic 
stress) and static stress become im- 
portant. 

Investigations involving these con- 
siderations made prior to 1949 are re- 
viewed in reference (1).2 Data are also 
available on temperature-resistant mate- 
rials (1, 2, 3), SAE 4340 (4), and alu- 

* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Research Fellow and Professor and Head, 
respectively, Department of Mechanics and 
Materials, University of Minnesota, Minne- 
apolis, Minn. 

2 The boldface numbers in parentheses refer 
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DYNAMIC CREEP AND RUPTURE PROPERTIES OF AN ALUMINUM 
ALLOY UNDER AXIAL STATIC AND FATIGUE STRESS* 


By F. W. DEMoney! anp B. J. LazaANN 
tug , 


SYNOPSIS 


Fatigue, stress-rupture, and creep data obtained under various combi- 
nations of mean and alternating axial stress are presented and discussed 
for rolled aluminum alloy 24S-T4 at 300 and 500 F. The data are pre- 
sented as S-N curves and stress-range diagrams to show the effect of tem- 
perature, alternating-to-mean load ratio, and stress magnitude on the fa- 
tigue, stress-rupture, and creep properties. 

The effect of temperature and alternating-to-mean load ratio on the 
characteristics of the creep curve is discussed on the basis of static and 


The réle of both creep and fatigue as factors in rupture is discussed with 
particular reference to temperature and alternating-to-mean load ratio. 


minum alloy 14S-T (5), in most cases 
for only a limited range of stress com- 
binations. The room temperature prop- 
erties of both rolled and extruded 
14S-T6, 24S-T4, and 75S-T6 aluminum 
alloy for various combinations of re- 
versed and static stress have been re- 
ported (6). The results of these and other 
investigations indicate that both creep 
and fatigue must be considered as factors 
which lead to failure and that the 
dominant factor is a function of stress 
range, type of material, and temperature. 

In general, a rather limited number of 
combinations of alternating and static 
stress were investigated in prior work. 
Thus, it is difficult at present to gener- 
alize regarding the relative importance 
of creep and fatigue as causes of failure. 
The test program undertaken was in- 
tended to further understanding in this 
matter, with special reference to 24S-T4 
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In order to cover as uniformly as 
possible conditions ranging from static 
tension to reversed fatigue stress, selected 
steps of ratios A of alternating stress to 
mean stress were used rather than 
selected steps of mean stress. The alter- 
nating-to-mean load ratios A (1) selected 
for this work were: A = 0 (static ten- 
sion), 0.15, 0.37, 0.89, 2.16, and 
(reversed stress). Tests were conducted 
at 300 and 500 F and stress magnitudes 
adjusted to cause failure in from 10* to 
2 X 10’ cycles (0.3 min to 100 hr). 
Both cycles to rupture and creep-time 
properties were determined under each 
of these conditions. 


Test MATERIAL AND SPECIMENS 
Material: 


The aluminum alloy used in this pro- 
gram was 24S-T4 (ASTM Designation: 
B 211-53T, alloy CG21) in rolled 
rounds. The details on fabrication, metal- 
lographic structure, average chemical 
composition and room _ temperature 
properties are given in reference (6). 


Specimen Type and Preparation: 


The specimen used in this investiga- 
tion consisted of a 1.75-in. straight sec- 
tion 0.4 in. in diameter with 1}-in. 
fillets terminating in 1-in. diameter 
threaded ends. The effective gage length 
of this specimen was calculated to be 
approximately 2.15 in. as determined 
by the method outlined by Kinsey (7), 
using the Nadai-McVetty (8) relation- 
ship between stress and creep rate. The 
details of specimen preparation are given 
in reference (6). 


TESTING EQUIPMENT AND 
PROCEDURE 
Testing Equipment: 


The testing equipment used in this 
investigation — included the axial stress 
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machine, a temperature controller-re- 
corder, and a creep recorder. The axial 
stress machine used in this project has 
been described in previous publications 
(1, 2, 6). 

The equipment used to heat the 
specimen and maintain the test tempera- 
ture within +3 F has been described 
previously (3). The control couple, a 20- 
gage iron-constantan thermocouple, was 
inserted in a drilled hole in the specimen 
and the temperature at the test section 
was within +1 F of the control couple. 

Both static and dynamic creep were 
measured by motion of the lower end of 
the grip relative to the machine frame. 
A linearly variable differential trans- 
former was used in most tests to measure 
this extension, the output of the trans- 
former being continuously recorded. This 
system proved to be reliable, required 
little attention, and had a sensitivity of 
approximately 0.0005 in. with a reli- 
ability of about 0.001 in. Variations in 
expansion of grips and machine frame 
due to cycling of both room and furnace 
temperature after the test temperature 
was reached did not exceed 0.001 in. 

Since most of the tests were of rela- 
tively short duration, the creep meas- 
uring accuracy indicated above is 
considered adequate. 


Testing Procedure: 


After the specimen had been at the 
test temperature for 1 hr, the following 
loading sequence was used. In tests 
under combined static and dynamic 
stresses (those with ratios A 0.15, 
0.37, 0.89, and 2.16) the static or mean 
stress component was applied first at a 
load rate of about 8000 psi per min for 
stresses less than 35,000 psi and of about 
20,000 psi per min for stresses greater 
than 35,000 psi. The alternating or dy- 
namic force was applied after a pause of 
1 min under the static load. This force 
was applied gradually to prevent impact 
load conditions by gradually increasing 
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the motor speed which required about 
seven seconds. 

In the static tests (A = 0) only the 
preload was applied, and in the reversed 
stress tests (A = ©) only the dynamic 
load was applied. The extension of the 
specimen was measured at all times 
during these loading cycles using the 
equipment described above. In reporting 
the data and plotting the creep curves, 
zero time and zero extension are defined 
as the moment immediately prior to 
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maximum or crest stress during the stress 

cycle versus the logarithm of the number 

of cycles and hours to failure, one stress 

versus number of cycles curve (or S-N 

curve) being plotted for each ratio A. 
The curve for ratio A = 0 is of course 
the stress-rupture curve under static. 
stress. 

From these figures it is seen that the 
S-N curves have different forms depend- 
ing on the temperature and ratio A. 
The slope of the 300 F curves shown in 


CODE { 


-RUPTURE 


P — PERIOD REQUIRED TO 
INCREASE PRELOAD FROM 
ZERO TO FULL VALUE 
VARIES FROM ZERO 13 FOUR 

MINUTES. UNIFO 


OF LOAD INCREASE useD 


A — PERIOD REQUIRED TO 
INCREASE ALTERNATING 
LOAD FROM ZERO TO FULL 


VALUE, APPROX SEVEN 
SECONDS 


R — ONE MINUTE REST WITH- 


OUT CHANGE IN LOAD 


TOTAL STRAIN 
+€ 


REVERSED STRESS 


€ T — TIME TO RUPTURE AFTER 
FULL LOAD REACHED 


LOADING PERIOD=S/E= €; 


€ + STRAIN DUE TO CREEP AND 
OTHER INELASTIC EFFECTS, 
DEFINED MERELY AS “ "CREEP” 


ZERO STRESS) 


ZERO EXTENSION WITH SPECIMEN AT TESTING TEMPERATURE BUT WITH 


NO LOAD APPLIED 


extension DEFINED AS TOTAL ELONGATION OVER ENTIRE GAGE LENGTH: 
STRAIN DEFINED AS UNIT ELONGATION: EXTENSION DIVIDED BY GAGE 


LENGTH, = €, IN/IN 


starting the loading cycle (specimen at 
test temperature) with the specimen at 
zero stress. Time to failure however is 
defined from the instant full load (static 
plus alternating) is reached. These 
definitions are shown schematically in 
Fig. 1. 


RESULTS AND DISCUSSION 
Fatigue and Stress-Rupture Properties: 
The fatigue and stress-rupture dia- 


grams shown in Figs. 2 and 3 are plotted 
on the basis of the logarithm of the 


ZERO Te t AT INSTANT OF FIRST LOAD APPLICATION (SPECIMEN AT 


Fic. 1.—Schematic Diagram for Defining Time and Extension Terms and Symbols. 


“Time IN THIS PAPER = €, ~€, 


€, —INELASTIC STRAIN DURING 
LOADING CYCLE = -€ 


€y— STRAIN DURING LOADING 
INCREASE PERIOD P= Ee +€, 
— TOTAL STRAIN AT TIME t= 
€c+€e 


Fig. 2 tend to increase with increasing 
ratio A. At some of the ratios, particu- 
larly A = 0.37, a rather well defined knee 
occurs beyond which the slopes gradually 
decrease. All 300 F curves show lower 
maximum stress with increasing ratio 
A, due probably to the more dominant 
réle of fatigue as compared to creep as 
a cause of rupture. 

The character of the 500 F S-N dia- 
grams shown in Fig. 3 is pronouncedly 
different from the 300 F data discussed 
above. Curves for all ratios A are quite 
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Fic. 2.—S-N Fatigue Diagrams at Various Ratios A for Rolled Aluminum Alloy 24S-T4 at 300 F. : 
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Fic. 3.—S-N Fatigue Diagrams at Various Ratios A for Rolled Aluminum Alloy 24S-T4 at 500 F. 
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similar in shape and display a gradually 
increasing slope with increasing number 
of cycles. Furthermore, the curves are 
more closely grouped than the 300 F 
curves. The order of the S-N curves is 
different than that at 300 F; as can be 
seen from Fig. 3, the highest S-N curve 
is at A = 0.89, whereas the lowest is at 
A = o., In general, it appears that at 
500-F creep effect predominates as a 
cause of rupture, whereas at 300 F 
fatigue is the primary factor. These 
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number of cycles in the range from 104 
to 10’ cycles. The series of inclined lines 
which pass through zero indicate the 
ratio A used. Also shown in this diagram 
are two straight lines, BC and B’C’, to 
indicate the combination of alternating 
and mean stress whose total equals the 
approximate ultimate strength S, (based 
on the stress-rupture curve at 0.1 hr life 
for A = 0 at the temperature investi- 
gated). Data from an investigation (6) of 
room-temperature properties conducted 


8 


FATIGUE STRENGTHS 
AFTER 10%, 10°, 10°, a10” 


Psi 


CYCLES, IDENTIFIED 
BY 4, 5, 6, AND7 

ROOM TEMP.(6) 
—-O-— 300 F 
——e— 500 F 


STRESS, 


A:0.37 


— ALTERNATING 


t So 


fe) 10,000 20,000 


observations shall be discussed in greater 
detail later. The general decrease in the 
500-F stress levels from the 300-F stress 
levels can be partially explained by the 
over aging (thus softening) effect the 
higher temperature has on this precipita- 
tion hardening alloy. 
The fatigue data diagrammed in Figs. 
2 and 3 are replotted on a stress-range 
basis in Fig. 4. The ordinate indicates 
. the alternating stress and the abscissa 
the mean stress. Each curve indicates the 
combinations of alternating and mean 
d stress which result in failure in a definite 
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Fic. 4.—Stress-Range Fatigue Diagram for Rolled Aluminum Alloy 24S-T4 at 300 and 500 F. 
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on the same batch of material* are shown 
as a dotted line for comparative pur- 
poses. 

At 300 F the curves approximate 
straight lines and from their slope it can 
be seen that the superposition of alter- 
nating stress greatly reduces the allow- 
able mean stress at low ratios A. At 500 F 
the curves approximate arcs of circles, 
which resemble those determined in an 


3A single fillet-shaped specimen having 
higher tensile properties than the uniform test- 
section specimen (6) was used in this room 
temperature work. 
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investigation on temperature resistant 
materials (1, 2). Thus, alternating stress 
superimposed on mean stress at low 
ratios A reduces only slightly the 
allowable mean stress. 

It is desirable to determine if the 
stress-range relationship is sufficiently 
consistent for all ratios A to permit 
interpolation when only the reversed 
stress fatigue and static strengths are 
known. In order to establish such a 
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curves approximate a straight line, al- 
though there is some divergence on the 
safe side at the static end of the band, 
and the 500-F band approximates an 
arc of a circle. The effects of superimpos- 
ing alternating stress on mean stress at 
low ratios A at the two temperatures can 
be compared in the following example. 
At 300 F increasing the alternating stress 
from 0 to 50 per cent of the fatigue 
strength reduces the allowable mean 
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relationship, the stress-range data of 
Fig. 4 are replotted on a completely 
-unitless basis in Fig. 5 (in these unitless 
diagrams both the maximum ordinate 
and maximum abscissa are arbitrarily 
made equal to 1). Bands which include 
all curves for lives from 10‘ to 10’ cycles 
are shaded to emphasize the difference 
‘between the 300 and 500 F data. 

The bands in Fig. 5 show trends similar 
to the curves shown in Fig. 4. The 300-F 


SAME LIFE AT A=0 
Fic. 5.—Stress-Range Bands for Rolled Aluminum Alloy 24S-T4 at 300 and 500 F Using Dimen- 


stress 35 per cent, while at 500 F the 
allowable mean stress is reduced only 
15 per cent. Similar observations can be 
made with regard to the fatigue (upper 
left) end of the bands. 


Creep Properties: 


The total extension during each test 
(€, in Fig. 1 multiplied by the specimen 
gage length) is shown as a function of 
time in Figs. 6 and 7 on a log-log basis. 
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TIME, 


AR. 
Fic. 7.—Total Extension Creep Curves for Rolled Aluminum Alloy 24S-T4 for Various Alternating-to-Mean Load Ratios A at 500 F. 


Except where noted, all test data were 
obtained from the transformer-recorder 
approach described previously. The 
dashed lines in some of the curves in- 
dicate uncertainty due to abnormal 
scattering of the data. 

It is seen from Fig. 6 that at 300 F 
large extension occurs only at the low 


creases with increasing mean stress at all 
ratios A and decreases with increasing 
ratio A. Up to and including a ratio of 
0.89 the curves are of the characteristic 
static type, but at 2.16 and « the 
curves tend to be flat and display a low 
minimum creep rate even up to rupture. 
However, a few curves show a slight 


1.0 


8 
Se DYNAMIC 
6 
| 
2 
w STATIC 
Slo 
2a 
- 4 
x 
| 
4 
« 
2 
Sc | 
A A=0, 0.15 AND 0.37 
ae 
2 3 4 5 6 8 9 10 
TIME, HR. 
RATIO > 


RUPTURE TIME, HR. 


. 8.—Dimensionless Curves Showing Static and Dynamic Types of Creep for Rolled Aluminum 


Fic 
Alloy 24S-T4 at 500 F. 


ratios, A = O and 0.15. At the higher 
ratios A little creep occurs and the creep 
curves do not exhibit the usual second 
and third stage of creep prior to rupture. 
Under reversed stress (A = ©) there 
appears to be no creep and the resultant 
curve is a straight line parallel to the 
abscissa. The creep curves at 500 F are 
shown in Fig. 7. In general, creep in- 


increase in creep rate just prior to rup- 
ture. This is in general agreement with 
the investigation on SAE 4340 (4). 
Representative creep curves from each 
alternating-to-mean load ratio at 300 and 
500 F were graphically analysed to de- 
termine the nature of the creep curves. 
At both 300 and 500 F the creep curves 
were beatae to fall into two types, 
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static and dynamic, although at 500 F 
the distinction between the two was 
more pronounced. For brevity, the 
analysis for 500 F only, Fig. 8, is shown. 
The static type creep curve, displayed 
at low alternating-to-mean load ratios, 
shows the customary three stages of 
creep, whereas a dynamic creep curve 
(high alternating-to-mean load ratios) 
shows small second stage creep and very 
small, if any, third stage creep prior to 
fracture. Thus, the static curves are the 
lowest of the group and have the greatest 
slope at intermediate and long life, 
whereas the dynamic curves are the 
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strain for definite times at stress. The 
stress-rupture curves (A = 0) from Figs. 
2 and 3 are also replotted in these figures 
for completeness. The construction of 
Figs. 9 and 10 require the extrapolation 
of some of the creep curves beyond the 
rupture point. This represents, of course, 
an impossible physical situation but does 
permit development of certain creep- 
time-stress concepts discussed later which 
are useful for evaluating the réle of creep 
in defining failure. 

The general shape of the creep stress- 
range diagrams, for example see lower 
left set of Fig. 10, is similar to that pre- 


2.16—— 


So, 


os9 
2Q000 


70 F (6) 


STRESS, 


ALTERNATING 


a | RATIO OF ALTERNATING TO MEAN STRESS 


TESTING TEMPERATURE | | 


highest and almost horizontal. From dicted by theory (1). One would expect 


SOLID LINES =—@— RUPTURE 
DASHED LINES =-O-= CREEP 


037 


(TOTAL STRAIN, 


20,000 30,000 


40,000 


60,000 


50,000 70000 80,000 


MEAN STRESS, Sm, PSI 


11.—Dynamic Creep and Rupture Properties for 50-hr Life for Rolled Aluminum Alloy 


Fic 
24S-T4 at 70, 300, and 500 F. 


this figure it is seen that the relationship 
of alternating-to-mean load ratios to 
both elevation and slope of the curves is 
reasonably consistent. 

By this type of analysis the 300-F 
creep curves are shown to be of the static 
type at A of 0 and 0.15, of the dynamic 
type at A of 2.0 and ~, and not well 

- defined at A of 0.37 and 0. 89, but more 
em than static. From Fig. 8 it is 
seen that at 500 F the creep curves are 
static at all ratios A up to and including 
0.89 and dynamic at ratios A of 2.0 
and @, 
_ Figures 9 and 10, similar to the stress- 
range diagrams of Fig. 6, show the stress 
combinations which cause various total 


the curves to become asymptotic to the 
ordinate axis, since under reversed stress 
very little creep is to be expected. 

Due to the small creep at 300 F the 
creep data for stress ratios A = 0, 0.15, 
and 0.37 only could be plotted. The stress 
combination curves for these ratios A 
show that when alternating stress is 
superimposed on mean stress the same 
general effect is observed for creep as for 
rupture. At 500 F, sufficient creep oc- 
curred to allow plotting all but the A = 
© curve. Again, the shape of the creep 
curves, Fig. 10, is similar to the shape of 
the rupture curves up to ratio A = 0.89 
and show that alternating stress lowers 
- slightly the allowable mean stress 
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at low ratios A. For ratios above 0.89 
the curves turn upward, and unlike the 
rupture curves become asymptotic to the 
ordinate axis. 

In order to clarify the réle of both 
creep and fatigue as factors in rupture, 
selected data from Figs. 9 and 10 and 
from a previous room-temperature in- 
vestigation (6) have been analysed and 
Fig. 11 developed. This figure shows the 
stress combinations required for rupture 
and certain selected amounts of total 
strain for 50-hr life. The intersection of 
the creep and rupture curves indicates 
the stress combination at which a transi- 
tion occurs; to the left of the intersection, 
fatigue governs as a cause of rupture, 
and to the right, creep may be the 
critical factor in design. Similar curves 
may be constructed for other lives and 
creep magnitudes. 

At room temperature the 5 per cent 
total strain curves intersect the rupture 
curve at a low ratio, A = 0.08, and this 
indicates that for stress combinations up 
to 0.08 creep may govern a design, but 
above this ratio fatigue governs. At 300 F 
this ratio increases to about 0.37, 
whereas at 500 F it becomes about 1.0. 
This increase in ratio A with increasing 
temperature indicates the increasing in- 
fluence of creep and the decreasing effect 
of fatigue as the dominant factor. As 
the temperature increases from room 
temperature to 500 F, creep and stress- 
rupture considerations become more 
important and fatigue less important. 


SUMMARY AND CONCLUSIONS 


A series of axial stress tests were 
undertaken on 24S-T4 rolled aluminum 
to determine the effect of various com- 
binations of alternating and mean stress 
on the fatigue, stress-rupture, and creep 
properties at 300 and 500 F. The stress 
range from static tension to reversed 
axial stress was covered in six alternat- 
ing-to-mean load ratios A, and stress 
combinations were varied to produce 
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rupture in the range from 10* to 2 X 10? + 
cycles (0.3 to 100 hr). 7 
The basic fatigue data are presented 
in S-N curves and stress-range diagrams 
to show the effect of temperature on © 
fatigue life. The extension data are pre- 
sented on log-log and other types of 
plots to show the relation between stress, 
time, and per cent extension. The exten- 
sion curves are analysed by graphical 
means and classified into two types: 
static and dynamic. The relative effect 
of creep and fatigue on rupture is in- 
vestigated, and diagrams are shown 
which indicate how these factors are af- __ 
fected by temperature and alternating- _ 
to-mean load ratio. ; 
The following conclusions are based 
on the fatigue, stress-rupture, and creep 
data presented in this paper. 


te 


similar to that at room temperature. 
First, the S-N curves display a reason-— 
ably well pronounced knee, and secondly, — 
increasing ratio A lowers the entire curve 
for maximum stress plots. 


knee to the S-N curves; in fact, the slope 
increases with increasing life. Also, for 
maximum stress plots, the vertical loca- 
tion is not in order of ratios; the static 
curve is midway in the family, the A = 
0.89 curve is highest, and the A = © 
curve is lowest. This vertical location is 
related to the prominence of creep as a 
cause of rupture at 500 F. 

3. The stress-range diagrams plotted 
indicate shapes for the room temperature 
and 300 F data pronouncedly different 
than for the 500 F data. The low tem- 
perature curves are reasonably close to 
straight lines on a unitless plot, whereas 
the 500 F data are better represented by 
an arc of a circle. 

4. The creep properties are a function 
of temperature, ratio A, and mean stress. 
The higher the temperature, the lower is 
the ratio A, and the greater the mean 


} 
j > 
| 
2. At 500 F the fatigue behavior is oe 
significantly different. First, there is no 
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stress the greater the creep. Maximum 
creep occurs at ratio A of 0 at 500 F, 
whereas no observable creep occurs at 
A of © at 300 F. 

5. The character of the creep curve is 
also influenced by alternating-to-mean 
load ratio and temperature. The charac- 
teristic three stage creep curve is termed 
_ the static type, and a creep curve having 
almost zero creep rate during second 
stage and very little third stage creep 
prior to rupture, the dynamic type. It is 
shown that at 300 F the curves at ratios 
- A of Oand 0.15 are static, A of 2.0 and 
are dynamic, and A of 0.37 and 0.89 not 
clearly defined but more dynamic than 
static. At 500 F the distinction between 
the two is better defined, the static creep 
occurring at A of 0, 0.15, 0.37, and 0.89, 
and dynamic creep at A of 2.0 and ~. 

6. In general, superimposing alternat- 
ing stress on mean stress affects creep in 
a manner similar to that observed in 
fatigue. At 300 F superimposing alternat- 
ing stress on mean stress significantly 
decreases the allowable mean stress for a 
given allowable creep. At 500 F this ef- 
fect is considerably less pronounced. 

7. The réle of fatigue and creep as fac- 
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Mr. J. M. Lessetis.'—The paper 
F adds considerably to the knowledge on 
“ the effect of cyclic stress on the creep and 
s, rupture strength of metals. It is interest- 
e ing to observe, as indicated by Fig. 10, 
af that the maximum stress of a cycle com- 
posed of a static stress plus a cyclic stress 
is greater than the creep or rupture 
stress for the same temperature. In other 
words, the presence of a cyclic stress in- 
4 creases the creep and rupture strength. 
| This has already been shown to be true 
for gas-turbine superalloys.” 
’ Mr. Louis F. Corrin, Jr.*—The 
| authors have reported a very interesting 
j study of the effect of static and cyclic 
‘ stress on an aluminum alloy at elevated 
. temperatures. In examining the paper, 
, however, the writer has found no men- 
tion of what to him would be a significant 
variable in the problem under study, 
namely, the speed of cycling. This im- 
1 portant variable would have a very 
definite effect on the results reported. 


For example, if the speed of cycling was 
one cycle per minute or one cycle per 
hour, rather than many hundred cycles 
per minute, the results illustrated in Fig. 
11, particularly at 300 and 500 F, might 
be significantly altered. 


1 President, Lessells and Associates, Inc., 
Boston, Mass. 

2D. A. Oliver and G. T. Harris, “The De- 
velopment of a High Creep Strength Austenitic 
Steel for Gas Turbines,” Journal, West of Scot- 
land Iron and Steel Inst., Vol. 54, p. 97 (1946- 
1947). 

3 Research Associate, Technical Department, 
Knolls Atomic Power Laboratory, Schenectady, 
N. Y. (operated for the U. S. Atomic Energy 


Commission by the General Electric Co.). 
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CHAIRMAN T. J. Dotan.‘—In connec- 
tion with Fig. 8 of the paper, the data — 
for extensions for the different conditions 
(or ratios of dynamic stress to static 
stress) were broken down into three dis- | 
tinct bands or groups. I should like to 
ask the authors if in each of these three | 
bands they observed differences in type of | 
failure; in other words, were fractures _ 


characteristics of failure in these various — 
bands? 

Mr. CLARENCE R. noticed 
that the authors use stress amplitude 
rather than what we call the stress ratio. 
What in particular led to the use of 
stress amplitude rather than other forms? 
Is it easier to plot, or is it easier to work 
with? 

Mr. B. J. Lazan (author).—The shape 
of the stress-range diagrams, such as 
shown in Fig. 10, at small values of al- 
ternating to mean stress has been ob- 
served to be of various forms. In the case 
of many gas-turbine superalloys at high 
temperatures, small alternating stress 
appears to exert a strengthening effect as 
discussed by Mr. Lessells. In some cases 
however, notably for notched specimens, 
relatively small alternating stress may 


4 Head of Department of Theoretical and Ap- 
plied Mechanics, University of Illinois, Ur- 
bana, Ill. 

5 Research Test Engineer, Convair, 
Diego Division, San Diego, Calif. 
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primarily of a transcrystalline type in | 
one band as compared with intercrystal- es 
line fractures resulting from a different : 
ratio of alternating to mean stress? Was 
it possible to distinguish between the 2 
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seriously reduce the allowable mean 
stress for a given time to failure. Thus, 


generalizations in this stress range should 


carefully consider factors of significance 
in engineering service. 

The speed of cyclic stressing was 3600 
cpm, as described in reference (1) which 
describes the testing equipment used. 


_ The authors agree with Mr. Coffin that 


testing frequency may be a very signifi- 
cant variable in testing at elevated 
temperatures. Since factors such as creep, 


- corrosion, and some types of metal- 


lurgical changes during a test are time 
sensitive, whereas other factors like 
fatigue and perhaps other types of 
metallurgical changes are cycle sensitive, 
the number of cycles per unit time may 
affect the relative importance of the in- 
dividual factors and their method of 
combining to produce ultimate failure. A 
study of the frequency variable is, how- 
ever, beyond the scope of this work. 
Recent, and as yet unpublished work at 
Cornell Aeronautical Laboratory should 
help clarify this variable. Progress re- 
ports from Cornell indicate that in the 
frequency range investigated, 0 (static 
test) to 3600 cpm, and at small ratios of 
alternating to mean stress, two different 
temperature-resistant materials show 
generally different behavior. Alloy N-155 
showed relatively little change with 
frequency, whereas Inconel X showed a 
significant change in strength which could 
be associated with increasing frequency. 
Very recent work at Cornell shows that 
the strength of type 321 stainless alloy 
at 1500 F decreases greatly with de- 
creasing frequency from 3600 to 11.5 cpm 
for alternating stress of 25 per cent and 
67 per cent. Perhaps there is someone 
from Cornell in the audience who could 
further clarify this point. 

Mr. Dolan inquires about the relation- 
ship of types of fractures observed to the 
various types of creep curves shown in 
Fig. 8 for the different ratios of alternat- 


ing to mean stress. Relatively little work 
was done in this program on metal- 
lographically studying fractured speci- 
mens to determine the nature of the 
fracture, that is, whether transcrystalline 
or intercrystalline. However, the little 
work done in this and similar programs 
indicates that at the higher temperatures 
the static loading (A = 0) generally 
produces a failure which is generally in- 
tercrystalline, whereas under reversed 
stress (A = o) the failure tends to be 
generally transcrystalline or mixed. At 
intermediate values of ratio A, mixed 
transcrystalline and intercrystalline fail- 
ures are generally observed. In general 
there appears to be no abrupt change 
with changing stress ratio. 

In answer to Mr. Smith’s question, the 
primary reason for using ratio of alternat- 
ing to mean stress (ratio A) as a param- 
eter is one of convenience in setting up 
test programs, handling data, and cross- 
plotting. Also in fatigue notch sensitivity 
work the handling of data procured at 
constant ratio A (as contrasted with 
constant mean stress or constant alter- 
nating stress) appear to be simpler since 
the fatigue strength reduction factor K; 
is the same if either a mean stress or 
alternating stress basis of comparison is 
used. The ease of illustrating and inter- 
preting ratio A in the stress range dia- 
grams was also a factor in this choice of 
parameter. 

The authors wish to thank the dis- 
cussors for their aid in clarifying several 
of the points. 

Mr. E. J. Warp.*—I am not from 
Cornell but I am connected with that 
work. I think Mr. Lazan had the results 
of the work at Cornell essentially correct. 
The work so far has covered the three 
frequencies of the static 0, 150, and 3600 
cpm. The two materials are N-155 and 
Inconel X, and the results do show 


§ Materials Laboratory, Wright Air Develop- 
ment Center, Dayton, Ohio. 
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different effects. The results show in one 
case the lowering of the strength, and I 
am not quite sure but I believe that it is 
the Inconel X where the increased fre- 
quency shows a lower strength. 

I would like to point out that in the 
consideration of the effect of frequency, 
we have two things to consider, the num- 
ber of cycles which are applied during a 
given time and the amount of creep 
which can take place. If the cycles of 
stress are applied at a slower rate, then 
there is a greater effect of creep, as there 
is a longer time. Therefore the failure 
may tend to be more of a creep failure 
than if the same number of cycles over a 
shorter period of time had been applied. 
I just wanted to bring out that ‘the 
different frequencies are affecting the 


type of failure, whether it is more of a At 
creep failure or more of a fatigue failure. es 
CHarrMAN Dotan.—This is a very 
important point; we are certainly fitting PG 
together “time-dependent” phenomena 
associated with creep and “cycle-de- 
pendent” phenomena due to fatigue. . 
Furthermore, materials are being pushed 
up to the high temperatures at which 
they are metallurgically unstable; further 
precipitation or aging effects are occur- 
ring with /ime. Due to this complex con- 
glomeration of these various factors, it is 
difficult to predict how the cyclic fre- 
quency may affect the results as com- 
pared with that for another material 
which may have different inherent in- 
stabilities from the metallurigical view- 
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THE INFLUENCE OF TEST TEMPERATURE AND GRAIN SIZE ON THE 
FATIGUE NOTCH SENSITIVITY OF REFRACTALOY 26* 


The influence on notch sensitivity of test temperature, 80 to 1600 F, and 

grain size, varied by solution treatment to ASTM No. 3.5 (coarse) and 7.5 
(fine),? has been studied for the wrought, precipitation-hardened alloy Re-_ 
fractaloy 26.* Throughout the above temperature range, a decrease in grain 

ts size caused an increase in fatigue notch sensitivity. While the finer grained 
material had superior unnotched fatigue strength up to 1460 F, the presence 

of a notch decreased the relative superiority of the fine-grained material and 
lowered the temperature at which the coarse-grained material became supe- 

rior. The notch sensitivities of specimens of both grain sizes reached maxima 


7 at about 1150 F. 


Rather abrupt changes in section fre- 
quently are present in members which 
are subject to fatigue stressing at 
high temperatures. These changes or 
“notches” cause stress concentrations 
and reduce the fatigue strength of such 
members at elevated temperatures just 
as they do at room temperature. In order 
that better materials may be developed 
and that the best use may be made of the 
present ones, it is essential that informa- 
tion should be available on the factors 
which influence the amount of strength 
reduction caused by a notch. This paper 
is a study of the influence of temperature 
and grain size, as varied by solution 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

+ Registered trademark. 

! Mechanics Department, Westinghouse Re- 
search Laboratories, East Pittsburgh, Pa. 

2 Tentative Methods for Estimating the Av- 
erage Grain Size of Non-Ferrous Metals, Other 
than Copper, and Their Alloys (E 91-51 T), 
1952 Book of ASTM Standards, Part 2, p. 1176. 
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SYNOPSIS 


treatment, on the notch sensitivity of 
Refractaloy 26.7 It is an extension of a 
previous investigation (1)* of the factors 
which influence the fatigue strengths of 
unnotched specimens of this alloy at 
elevated temperature. Refractaloy 26 is 
one of several wrought precipitation- 
hardened alloys used for members oper- 
ating at high temperatures. 


PREVIOUS WoRK 


The greater notch sensitivity of fine- 
grained steels has been pointed out by 
Peterson (2, 3), who suggested that the 
notch sensitivity may be a function of 
the stress gradient and grain size. 
Neuber (4) has also suggested that his 
theoretical stress concentration factors 
must be modified to accommodate crys- 
talline engineering materials. 

Karry and Dolan (5) made an excellent 

3 The boldface numbers in parentheses refer to 


the list of references appended to this paper, see 
p. 796. 
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study of the relationship between grain 
size and notch sensitivity at room tem- 
perature for 70-30 brass. They showed 
that the notch sensitivity of brass in- 
creased as the grain diameter decreased. 
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strength at 80, 1200, and 1600 F than did 
those with very large grains. However, 
the greater notch sensitivity of the 
smaller grained X-40 specimens resulted 
in the notched fatigue strength of the 


TABLE I—SUMMARY OF HEAT TREATMENTS, GRAIN SIZE, AND HARDNESS. 


Heat Treatment 
— Grain Size 
Code Solution Treatment Aging Treatment, hr jm, 
Pyramid 
Tempera- Hardness 
ture, Time, min | At 1500 F | At 1350 F | ASTM No. | Diam, mm 
deg Fahr 
er 1800 20 7.5 0.027 345 
| ne 1800 20 20 7.5 0.027 310 
2100 60 20 3.5 0.107 300 
TABLE II.—SUMMARY OF FATIGUE STRENGTH RESULTS. 
| At 106 Cycles At 108 Cycles 
Test Tem- Heat ioe 
ye bys ~ | Size | Fatigue Strength, psi Fatigue Strength, psi 
Smooth | Notched? Smooth | Notched? 
| | 
Room..... 1800C | 7.5 | 85 000 | 57 000 | 1.49 | 0.39 | 74 000 48 000 | 1.54 | 0.43 
Room 1800AB | 7.5 | 85 000 | 51 000 | 1.68 | 0.53 | 74 000 45 000 | 1.65 | 0.51 
Room | 2100AB 3.5 | 63 000 | 52 000 | 1.21 | 0.17 | 45 000 | 42 000 | 1.07 | 0.06 
ae 1800C 7.5 75 000° 
ee | 1800C 7.5 | 85 000 | 49 000 | 1.74 | 0.58 | 84 000 | 48 000 | 1.75 | 0.58 
re 1800C 7.5 | 90 000 | 51 000 | 1.77 | 0.60 | 84 000 | 47 000 | 1.79 | 0.62 
ae 1800AB 7.5 | 85 000 44 000 | 1.93 | 0.73 | 73 000 | 41 000 | 1.78 | 0.61 
ee 2100AB 3.5 | 59 000 | 44 000 | 1.34 | 0.27 | 52 000 42 000 | 1.24 0.19 
1500. . | 1800C 7.5 34 000 | 25 000 | 1.36 | 0.28 
er | 2100AB 3.5 |.44 000 | 35 000 | 1.26 | 0.20 | 37 000 | 34 000 | 1.09 | 0.07 
1600...... 2100AB | 3.5 | 31 000 | | | 23 000 | 


@ The corresponding heat treatments are given in Table I. 
+ Semicircular notch: 0.015-in. radius, 0.015-in. depth, K; = 2.27. 


¢ Fatigue strength reduction factor, K¢ = unnotched fatigue strength divided by notched fatigue 
strength. 
4 Fatigue notch sensitivity factor, q = 


¢ This fatigue strength is based on only one test. 


Breen and Lane (6) investigated the 
effect of grain size on the stress rupture 
and range-of-stress fatigue strengths of 
unnotched 70-30 brass over the tempera- 
ture range from 80 to 1000 F. For pre- 
cision-cast alloy X-40, it was found (7) 
that specimens with grains of about 1.25 
mm average diameter had greater fatigue 


small- and the large-grained speci 
being about the same. 

Investigations of the effect of tempera- 
ture on fatigue notch sensitivity have 
also been made by Jones and Wilkes (8), 
Demer and Lazan (9), and Trapp and 
Schwartz (10). 


The influences of temperature, compo- 


mens 
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sition, heat treatment, hardness, and 
grain size upon the unnotched fatigue 
strength of Refractaloy 26 have been 
previously reported (1). It was deter- 
mined that composition changes in the 
amount normally found in commercial 
heats do not appreciably affect the un- 
notched fatigue strength. A lack of cor- 
relation between hardness and un- 
notched fatigue strength was also found. 
Temperature, heat treatment, and grain 
size were shown to have definite in- 
fluences upon the unnotched fatigue 
strength. 


MATERIAL 


This investigation has been made on 
the wrought austenitic precipitation- 
hardened alloy Refractaloy 26. Much of 
the data on unnotched specimens has 
been taken from a previous paper (1). The 
analyses of the four heats used in that 
investigation are given therein. An 
analysis made on the present lot of 3-in. 
diameter bar stock showed: 35.4 per 
cent nickel, 21.4 per cent cobalt, 18.5 
per cent chromium, 2.99 per cent molyb- 
denum, 2.63 per cent titanium, 0.14 per 
cent aluminum, 1.13 per cent silicon, 
0.86 per cent manganese, and the balance 
iron. 

The heat treatments used in the pres- 
ent investigation and their code desig- 
nations, the mean grain sizes, and the 
hardnesses of the heat-treated material 
are given in Table I. These heat treat- 
ments do not yield material that is com- 
pletely stable at the higher test tempera- 
tures. All three heat treatments resulted 
in materials whose hardness increased 
during the tests at 1050 and 1200 F and 
decreased during the 1500 and 1600 F 
tests. 


PROCEDURE 


_ The fatigue tests were made in West- 
inghouse Type MD high-temperature 
fatigue machines. In these repeated- 
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bending machines, the specimen isa non- 
rotating cantilever which, for these tests, 
was subjected to completely reversed 
bending at a frequency of 7200 cpm. 
The room-temperature dimensions were 
used to calculate the nominal stress by 
normal elastic beam theory. The test 
temperatures were determined by use of 
a thermocouple spot welded to the speci- 
men on the neutral axis at the critical 
section. All specimens were left at the test 
temperature overnight, 16 to 19 hr, be- 
fore the tests were started. 

The criterion of failure was that a 
fatigue crack should grow to such size, 
normally less than 0.1 in. penetration, 


0.303 in Root diam {0.015 in. rad 


4.750 in 
Fic. 1.—Fatigue Specimens. 


that it would cause the automatic-shut- 
down circuit of the fatigue machine to 
operate. 

As noted in the foregoing, many of the 
fatigue strengths reported in Table II 
for unnotched specimens are from a pre- 
vious paper (1). To establish that the un- 
notched fatigue strengths of the material 
used in the present investigation were 
not significantly different from the above 
strengths, check tests were made at all 
temperatures. Where the previous paper 
had no information, S-N diagrams were 
determined using the new lot of Re- 
fractaloy 26. 

The unnotched fatigue specimen is 
shown in Fig. 1. These specimens were 
rough machined to 0.025 in. oversize 
and then machined with diminishing 
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cuts. The final 0.002 in. was removed by 
polishing successively with 180, 400, and 
600 mesh abrasive. The final polishing 
was done in the longitudinal direction 
and gave a finish of less than 10 micro- 
inches, rms. The notched specimen was 
identical to the unnotched except that a 
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notched specimen of Fig. 1 are Kt = 2.27 
and Ky’ = 2.07. 
RESULTS AND DISCUSSION 


In considering the fatigue test results, 
it should be remembered that fatigue 
strengths of notched specimens, fatigue 


100 000 * 
©@ 1800 C Treatment, 7.5 ASTM 
90 000 SS 8 1800 AB Treatment, 7.5 ASTM 
800 F_,_YNnotched 
60 000 - 
ea '800 C Treatment, 7.5 ASTM 
50 000 Kt #2.27 
1 4 
a 60000 
1800 AB Treatment, 
£ 50 000 t=2.2 
< 2100 AB Treatment, 3.5 ASTM 
70 000 Unnotched 
~ 
60 000 
50 000 ain 
60 000 * T T 
< 2100 AB Treatment, 3.5 ASTM 
50 000 K+=2.27 
4 ry 
40 000 9 
Cycles to Failure 
4 Fic. 2.—S-N Diagrams for Refractaloy 26 at Room Temperature. J i. 


0.015-in. radius semicircular groove 
0.015 in. deep was located at the mini- 
mum section. This notch was formed by 
a contoured A-80-V2-BT wheel, 6-in. 
diameter, rotating at 5200 rpm with an 
infeed of 0.000006 in. per revolution of 
the specimen. The specimen was rotated 
at 1100 rpm with opposite rotation to the 
grinding wheel. A coolant was used. The 
notch was left as ground. 

The theoretical factors (11) for the 


strength reduction factors, and notch 
sensitivity factors are all influenced by 
the geometry of the notched specimen. 
Thus, for example, the curves for notch 
sensitivity versus temperature in Fig. 6 
are each but one of a family of curves. 

It should also be noted that while the | 
notches were formed by gentle grinding, — 
the unnotched specimens were machined 
and polished. These latter operations 
may work harden and leave compressive 


wan 
be 
ron 
| 
‘ 
‘ 


Nominal Stress, psi 


1800 C Treotment, 7.5 ASTM 
Unnotched 
T 1050 F 
1800 C Treatment, 7.5 ASTM 
1050 F 
1800 C Treotment, 7.5 ASTM 
Unnotched 
~~ 
5 i200 F 
1800 Treatment, 7.5 ASTM 
Kt *2.27 
1200 F 
1800 AB Treatment, 7.5 ASTM 
80 000 _ Unnotched 
1200 F 
1800 AB Treatment, 7.5 ASTM 
50000 Kt = 2.27 
40000 1200 F 
30 000 i Lij L 
aad 2100 AB Treatment, 3.5 ASTM 
70 000 A I Unnotched 
60 000 r a 1200 F 
50000 2100 AB Treatment, 3.5 ate 
t 2. 
40000 1200 F 
30000 
10° 10” 10° 10? 


Cycles to Failure 
Fic. 3.—S-N Diagrams for Refractaloy 26 at 1050 and 1200 F. 
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stresses in the specimen surface. This 
may result in the room-temperature fa- 
tigue strengths found for the fine-grained 
material being somewhat greater than 
what might be called the true fatigue 
strength. Other work on Refractaloy 26 
has shown that for fine-grained speci- 
mens gently ground to a 30 to 40 micro- 
inch rms finish, the fatigue strength at 
room temperature may be as much as 
25 per cent less than that of machined 
and polished specimens. At 1200 F this 
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metallurgical dissimilarities other than 
grain size. 


S-N Curves: 


With the preceding cautions in mind, 
consideration can be given to the fatigue 
test results which are presented in the 
S-N diagrams of Figs. 2, 3, and 4. In 
these, the test points from the previous 
paper (1) on Refractaloy 26 have been 
assigned solid symbols so that the lack 
of significant difference between the un- 


60 000 
1800 C Treotment, 7.5 ASTM ad 
50 000 ©@Unnotched -+ 
° Ky = 2.27 
3 40 000 —_Z 
a 
30 000 
1500 F 
60000 
_ 2100 AB Treatment, 3.5 ASTM 
50 000 xa Unnotched 
2 40000 3 
}1500 
30 000 <<] 
20 000 h 
104 105 10” 108 109 


Cycles to Failure 
Fic. 4.—S-N Diagrams for Refractaloy 26 at 1500 and 1600 F. 


difference is less than 10 per cent. For 
material corresponding to the 2100AB 
material herein, there appears to be little 
difference at room temperature between 
ground and machined-and-polished speci- 
mens. Ferguson (12) has shown that the 
fatigue strength of the austenitic high- 
temperature alloy N-155 is decidedly 
sensitive to the finishing procedure used. 
For precision cast X-40 (7), specimens 
having machined notches were found to 
have greater 1200 F fatigue strengths 
than those with ground notches. 

A final point is that the two grain 
sizes were obtained by using two different 
solution treatments, Table I. Conse- 
quently, it is possible that there may be 


notched fatigue strengths of the two 
series may be observed. Also, the tests 
which “ran out” and were rerun at a 
higher stress have been numbered at | 
both stresses. 
At room temperature, the slope of the © 

S-N curves for both the unnotched and 
the notched specimens becomes rela- 
tively small at 10’ cycles. However, true 
fatigue limits are not indicated. The 
fatigue strength reported for 800F is — 
based upon the one test shown in Fig. 2. — 
At 1050 F, because of the strain aging 
which this material exhibits in the ten- 

sion test, it is thought that a fatigue 
limit may exist. At 1200 and 1500 F, the | 
S-N curves for the unnotched specimens _ 


| 

2 


have appreciable slopes throughout the 
range investigated. Beyond 5 xX 108 
cycles the curves for the notched speci- 
mens at these temperatures have less 
slope than do those for the unnotched 
specimens. This results in a decreasing 
notch sensitivity with increasing cycles. 
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sibility does exist that at 1500 and 1600 F 
the fractures may start at points of inter- 
granular oxidation. 

Many of the room-temperature tests 
were observed with the aid of micro- 
scopes in order that the fatigue fractures 
could be noted early in their life. The 


T T T T 
Unnotched Notched Heat Meon Grain Size 
Kt =2.27 Treatment ASTM No. Diom, mm 
C 7.8 0.027 
1800 AB 7.5 0.027 
2100 AB 3.5 0.107 
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Notched “ne 
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12) 600 800 1000 1200 1400 1600 
A Test Temperoture, deg Fahr (Square Scale) 5 
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This phenomenon was also observed 
(7) for precision-cast X-40 at 1200 and 
1600 F. 


Fatigue Fractures: 


Representative fatigue specimens from 
each test temperature were sectioned 
and examined. At all the test tempera- 
tures, the fatigue fractures, for both 
grain sizes, appear to progress in a trans- 
crystalline manner. However, the pos- 


Fic. 5.—Influence of Temperature on Fatigue Strength at 10® Cycles of Refractaloy 26. 


earliest, percentagewise, that a fracture 
was observed was at 3 per cent of a total 
life of 8,600,000 cycles for an unnotched, 
coarse-grained, 2100AB specimen. In 
general, for a given life, the fractures 
appear to progress faster in the fine- 
grained material than in the coarse- 
grained material. Of course, the room- 
temperature fatigue strength of the 
fine-grained material is considerably 
higher than that of the coarse-grained. 
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The notched specimens of 1800C and 
2100AB materials which ran out at the 
higher stresses at 1200 F were sectioned. 
Small cracks, the deepest being 0.005 
in., were found in the notch roots of both 
specimens. The starting time and the 
rate of progression of these cracks are 
unknown. No cracks were revealed by 
the sectioning of the notched 1800C 
specimen which did not fail at 1050 F. 
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It appears less likely that this would be 
true for the notched 1800AB specimens. _ 
For the unnotched specimens the fine- 
grained material has a very considerable 
advantage at temperature up to 1200 F. 
Above 1200 F this superiority decreases 
until at about 1460F the unnotched 
1800C and 2100AB fatigue strengths 
are equal. (The fatigue strengths of the — 
1800C and the 1800AB materials pre- 


Heot Mean Grain Size 
1.2 Treatment ASTM No. Diom,mm —_ 7 
° 1g00 C 7.5 0.027 
1800 AB 7.5 0.027 
= 
08 
=. 
- 
6 
600 800 1000 1200 1400 600 


Fic. 6.—Influence of beng apy y on Notch Sensitivity, g, at 108 Cycles of Refractaloy 26, 
t 


0.015-in. Semicircular Notch, K, = 2.27. 
Influence of Temperature and Grain Size 
on Fatigue Strength: 


The fatigue strengths have been tabu- 
lated in Table II and plotted against 
test temperature in Fig. 5. Figure 5 
shows that the 108 cycle fatigue strength 
of both the 1800C and the 2100AB 
material is greater at 1200 F than at 
room temperature. (This is presumably 
due to aging and strain aging.) However, 
the S-N curves show that at 10° cycles 
these materials are weaker at 1200 F 
than at room temperature. While the 
10® cycle fatigue strength at 1200 F of 
the 1800AB material is less than that at 
room temperature, it is possible that the 
1100 F strength would be slightly greater. 


Test Temperature, deg Fahr (Squore Scale) 


sumably will approach each other as the | 
temperature is increased above 1200 F.) | 
However, for the notched specimens the | 
fine-grained material has less superiority 
at the lower temperatures. Also the tem- 
peratures at which the fine- and coarse-— 
grained notched specimens have equal | 
strengths are lower than the above _ 
1460 F. The coarse-grained notched 
specimens are superior to the 1800AB_ 
specimens above 1200 F and superior to 
the 1800C specimens above about 
1330 F. These cross-over points are, of 
course, also influenced by the specimen — 
geometry. 

It is noteworthy that, while the un- 
notched fatigue strengths of the 1800C 
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and the 2100AB materials increase 14 
and 16 per cent respectively in going 
from room temperature to 1200F, the 
corresponding notched fatigue strengths 
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fatigue strength reduction factor, Ky, is 
defined by: 


unnotched fatigue strength 
notched fatigue strength 


1.0 od. 
‘Sore Bb O Refractaloy - 26 2.27 0.015 in. 
K 70-30 Bross, Korry & Dolan 2.94 0.005 
D 70-30 Bross, Korry & Dolan 1.79 0.020 - 
0.8 
A 
0.6 
NS 
0.2 
7 
0.01 0,02 0.04 0.06 0.10 0.2 0.4 O06 08 1.0 
Mean Grain Diam, mm 
10 8 6 a 2 fe) 


ASTM Grain Size Number 


Fic. 7.—Influence of Grain Size on the Fatigue Notch Sensitivity, g, of Refractaloy 26 and 70- 
Brass, the Latter Taken from Karry and Dolan (5). 


show a decrease of 2 per cent and zero. 
Similarly the unnotched fatigue strength 
of the 1800AB material decreased 1 per 
cent, while the notched strength dropped 
9 per cent. Thus for applications with 
stress concentrations, the peak in the 
unnotched fatigue strength versus tem- 
perature curve gives an unduly optimistic 
picture. 


Influence of Temperature on Notch Factor 
and Sensitivity: 
The terms used herein are in accord- 
ance with the ASTM Committee E-9’s 
Manual on Fatigue Testing (13.) The 


Fatigue notch sensitivity, g, is defined 
by: 

K:-—1 


q 


where Ky is the theoretical stress con- 
centration factor. 

Since Ky and q are related by the 
above expression, a plot of Ky versus 
temperature would be similar to that for 
q versus temperature in Fig. 6, and the 
two factors may be discussed simultane- 
ously. These factors, like the fatigue 
strengths, reach maxima in the 1100 to 
1200 F range. These maxima are pre- 
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sumably due to the aging characteristics 
of this alloy. 

For SAE 4340, Trapp and Schwartz 
(10) found that the g at 600 F was greater 
than at room temperature or 800 F. How- 
ever, their highest fatigue strengths were 
at room temperature. 

Over the temperature range investi- 
gated, 80 to 1500 F, both Ky and gq for 
the fine-grained material are consider- 
ably greater than those for the coarse- 
grained material. This greater notch 
sensitivity results in the fatigue strengths 
at 1200 F of the notched 1800AB and 
2100AB specimens being about the same, 
while the corresponding unnotched fa- 
tigue strength of the fine-grained 1800AB 
material is 40 per cent greater than that 
of the 2100AB material. 

The tests at 1600 F indicate that the 
notch sensitivity of the coarse-grained 
2100AB material is approaching zero at 
that temperature. 


Influence of Grain Size on Notch Sensi- 
tivity: 

The notch sensitivity factors, g, for 
Refractaloy 26 at 1200 and 1500 F have 
been plotted against the grain size in Fig. 
7. At both temperatures g increases as the 
grain size decreases, but the increase is 
considerably less at 1500 than at 1200 F. 
The room temperature values are not 
shown because they may have been in- 
fluenced by the specimen preparation. 
However, even if reasonable allowance 
is made for this, g will also increase with 
decreasing grain size at room tempera- 
ture. The results of Karry and Dolan (5) 
for 70-30 brass, for grain sizes greater 
than 0.01 mm mean diameter, are also 
shown in Fig. 7. At 1200F, the notch 
sensitivity of Refractaloy 26 is more 
sensitive to change in grain size than 
brass is at room temperature. In view of 
the fact that brass is a single phase alloy, 
while Refractaloy 26 is a complex pre- 
cipitation-hardened alloy, it is perhaps 
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surprising that the curves for the two 
materials fall as closely as they do. Also, 
the grain size of Refractaloy 26 has a 
rather broad distribution about the 
mean. Should the fatigue strength be — 
more dependent upon the size of the | 
larger grains than upon the mean size, 
the slope of the lines for Refractaloy 26 
might be altered. 

For precision-cast X-40 (7) at 1200 F, 
fatigue notch sensitivities of 0.46 and 
0.28 were obtained for specimens having 
cast grains of about 1.25 mm and 1 cm 
mean diameter, respectively. The speci- 
men and notch were identical to the one 
used for Refractaloy 26. This g of 0.28 
for the 1.25-mm grain diameter cast X-40 
is greater than the g of 0.19 found for the 
0.107-mm grain diameter Refractaloy 26. 

Demer and Lazan’s data (9) yield a 
notch sensitivity of 0.53 for N-155 
tested at 1350 F with a notch of 0.010 in 
root radius and a K¢ of 2.6. This notch 
sensitivity is greater than the 0.45 which 
Fig. 6 indicates for Refractaloy 26 of 
mean grain size ASTM No. 7.5. On the 
basis of the fact that the N-155 has 
larger grains, about ASTM No. 5, and 
was tested‘ with a notch of smaller root 
radius, one would predict that the notch 
sensitivity found for the N-155 would be 
lower than that for the Refractaloy 26 
The incorrectness of such a prediction 
and the above comparison of Refractaloy 
26 and X-40 gives further substantiation 
to the generally accepted view that g 
depends on geometry, composition, and 
the specific condition of the material. 


CONCLUSIONS 


The following conclusions are based 
upon repeated-bending fatigue tests 
made with completely reversed loading 
at 7200 cpm on the wrought, precipita- 
tion-hardened alloy Refractaloy 26. The 

‘The testing frequency used for the N-155 _ 


was substantially lower than that for the Re- 
fractaloy 26. 


i 


two mean grain sizes of ASTM Nos. 
3.5 and 7.5 which were investigated were 
obtained by two different solution treat- 
ments. The unnotched specimens were 
machined and polished; and the notches, 
0.015-in. semicircular, Ke = 2.27, were 
formed by gentle grinding. The speci- 
mens were stabilized overnight at the 
test temperatures. 

Over the temperature range of 80 to 
1500 F, the fatigue notch sensitivity, g, 
of Refractaloy 26 increases as the mean 
grain diameter is decreased from 0.11 to 
0.027 mm (the range investigated). 

The fatigue strengths, unnotched and 
notched, of the single-aged, 1800 F 
solution-treated material and of the 
double-aged, 2100 F solution-treated ma- 
terial reach maxima between 1100 and 
1200 F. The double-aged, 1800 F solu- 
tion-treated material appears to be less 
susceptible to strain aging, and it is 
probable that only the unnotched fatigue 
strength has a maximum. 
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The maximum notch sensitivity occurs 
at the above temperature of maximum 
fatigue strength for both grain sizes in- 
vestigated. 

The presence of a stress concentration 
lowers the temperature at which the 
fine- and the coarse-grained materials 
have equal fatigue strengths. Below this 
temperature, stress concentrations also 
reduce the relative superiority of the fine- 
grained material. 
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Mr. E. J. Warp.'—Mr. Dorn at Cal- 
ifornia has been working on a project 
for us in which he has been investigating 
the effect of grain size on the unnotched 
fatigue properties of two heat-resistant 
alloys. He found that, when he arrived at 
the grain size by different heat-treating 
methods, he did not get the same fatigue 
strength. This substantiates Mr. Toolin’s 
statement that it is not only the effect of 
grain size but other effects not yet under- 
stood which affect fatigue strength. 

Mr. P. R. Too.tn (author’s closure).— 


1 Materials Laboratory, Wright Air Develop- 
ment Center, Wright-Patterson Air Force Base, 
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peratures,” Research Memo RM E51DI7, 
Nat. Advisory Comm. Aeronautics (1951). 

(13) ASTM Committee E-9, Manual on Fatigue 
Testing, Am. Soc. Testing Mats. (1949). 
(Issued as separate publication ASTM 
STP No. 91.) 


Mr. Ward’s pertinent discussion is very 
much appreciated. Dorn’s results, to 
which Mr. Ward refers, are interesting 
and not surprising. When the grain size 
is changed by variation of the time or 
temperature of the solution treatment, 
there may be concomitant changes in the 
structure such as variation in both the 
degree of solution and the homogeneity 
of the hardening constituents. Undoubt- 
edly the strength of the material is also 
influenced by these changes in structure. 
It is for this reason that it has been em- 
phasized that our two grain sizes were 
obtained by two different solution treat- 
ments. 
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EFFECT OF RANGE OF STRESS AND PRESTRAIN ON THE FATIGUE 
PROPERTIES OF TITANIUM* 


By J. P. Romuatpr’ anp E. D’Appotonta! 
Synopsis 
SYNOPSIS 


The effects of range of stress and prestrain on the fatigue properties : 
: of titanium alloy, cold drawn and annealed (equal to RC-55), were stud- 4 


: comprehensive bibliography on ti- 


ie - ied on rotating-beam machines which permit a full range of loading from 
pure bending to pure tension in any combination. Complete reversal 
tests were also conducted on Ti-75A titanium alloy. 
The effects of rate of strain and internal heating were determined by 
conducting tests at different speeds and under isothermal conditions. 
Mechanical tests were conducted on the titanium alloys and correlations ie 
between static properties and fatigue properties are given. The data were i 
- - also analyzed to show the effect of hardness and different chemical com- : 


_ position on the fatigue properties. 


Titanium, with a strength-weight ratio 
greater than that of aluminum or steel, 
shows promise of being a strategic struc- 
tural metal, particularly in the aircraft 
industry. 

Fatigue data for titanium are meager. 


tanium, published by Battelle Memorial 
Inst. (1)? in 1952, makes no listing of 
references on fatigue of titanium. The 


_ few reports and papers that give fatigue 


data are not primarily concerned with 
the dynamic properties of the metal. 


Research is needed to determine such 


properties of this new material when it 
is used in structures subjected to pul- 
sating loads. This paper presents results 


of such tests completed at Carnegie 
Institute of Technology (2). 


* Presented at the Fifty-seventh Annual Meet- 
* of the Society, June 13-18, 1954. 
1 Research Assistant and Associate Professor 


see p. 815. 


of Civil Engineering, respectively, Carnegie 
Institute of Technology, Pittsburgh, Pa. 

: 2 The boldface numbers in parentheses refer 

to the list of references appended to this paper, 


Range-of-stress tests were conducted 
on rotating-beam fatigue machines de- 
signed to permit a full range of loading 
from pure bending (complete stress re- 
versal) to pure tension. Tests were con- 
ducted at complete reversal on specimens 
prestrained in tension. To reduce the 
scatter in test results, the material was 
classified according to hardness and heat 
number and then tested. Specimens of 
the same hardness were selected from 
different heat numbers to determine the 
effect of composition and processing of 
titanium on its fatigue characteristics. 
Tests were also conducted at different 
speeds and with the specimens in a cir- 
culating water bath to determine the 
effects of testing speed and internal heat- 
ing. This paper summarizes and cor- 
relates static and fatigue test results for 
two titanium alloys. 


MATERIAL USED 


One of the two alloys tested in this 
investigation consisted of $-in. diameter 
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TABLE I.—CARBON AND NITROGEN 
COMPOSITION OF RC-55 TITANIUM 
ALLOY. 


Carbon, Ni 

Heat per cent see 
RIA-125D 0.140 0.035 
RIA-125C 0.156 0.040 
RIA-125B 0.180 0.050 
RIA-120 0.146 0.045 
RIA-122A 0.188 0.045 
RIA-126B 0.185 0.059 
RIA-110 0.160 0.050 


TABLE II.—MECHANICAL PROPERTIES 
OF TITANIUM, TYPE Ti-75A. 


Heat L-339, Annealed and Ground 


Specimen 
Property 
No. 1 No. 24 
Tension Test 

Proportional limit (Tension) 

24 22 000 
Nominal ultimate stress, psi. .| 84 78 000 
True ultimate stress at frac- 

129 000)132 000 
Modulus of elasticity, psi <X 

17.3 17.3 
Per cent elongation (2-in. gage | 

Per cent reduction in area... . 51.6) 53.5 
Yield strength (0.2 per cent 

Hardness, Rockwell C........ 19.1 18.5 
Fatigue strength at 10’ cycles, 

Torsion Test 

Shearing strength at propor- 

tional limit, psi............ 24 000) 24 000 
Nominal ultimate shearing 

Angle of twist at fracture, 

4.95) 4.95 
Modulus of rigidity, psi xX 

5.40 5.40 

Compression Test 

Proportional limit, psi........ | 42 500| 42 500 
Yield strength (0.2 per cent | 

65 000) 65 000 
Modulus of elasticity, psi X 

17.0; 17.0 
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rod, type Ti-75A, annealed and ground, 
manufactured by the Titanium Metals 
Corp. of America. This alloy, with a 
titanium content exceeding 99.5 per cent, 
is designated as “commercially pure.” 
The material as reported in the Hand- 
book of Titanium Metal (3) has a nomi- 
nal composition of: 0.10 per cent iron, 
0.02 per cent nitrogen, less than 0.08 per 
cent tungsten, less than 0.04 per cent 
carbon, a trace of oxygen, and the re- 
mainder titanium. 

The other alloy consisted of }-in. di- 
ameter rod (carbonelectrode process) cold 
drawn and annealed (equal to RC-55), 
manufactured by Republic Steel Corp. 
The chemical analysis available listed the 
percentage of carbon and nitrogen for 
the RC-55 titanium alloy (see Table I). 

The RC-55 alloy contained a few 
hundredths of one per cent of oxygen and 
iron, other elements a trace, and titanium 
99 per cent plus. 


Static TEstTs 


The entire stock of RC-55 alloy was | 
cut up into 26-in. sections and hardness __ 
tests were then made at 3-in. intervals _ 
along each bar. ; 

Mechanical tests were performed on 
both titanium alloys, some results of _ 
which are summarized in Tables II and 
III together with results of fatigue tests 
for purposes of correlation. 

Figures 1 and 2 show typical stress- 
strain curves for the RC-55 and Ti-75A 
titanium alloys. The curves are divided 
into two parts. The first portion has an 
expanded scale for the elastic and initial 
plastic range up to 1 per cent strain. The 
second portion has a compressed scale _ 
and shows the true-stress and true-strain 
relation to fracture. Strain measure- 
ments, for the first portion, were made 
with a Tinius Olsen gage accurate to 
0.0001 in. in a 2-in. gage length. True 
stress-strain values were based on in- 


stantaneous diameter readings. : 
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Fic, 1.—Tension Tests of RC-5S5 Titanium Alloy. 
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Fic. 2.—Tension Tests of Ti-75A Titanium Alloy. 
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© RC-55 
4TI-75A 


ar 16 18 20 22 24 26 28 30 32 34 36 » ‘ 
Hardness, Rockwell C 
Fic. 3.—Relation of Proportional Limit to Hardness for RC-55 and Ti-75A Titanium Alloys. 
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Fic. 4.—Relation of Nominal Ultimate Tensile Stress to Hardness for RC-55 and Ti-75A Tita- 
nium Alloys. 
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Fic. 5.—Relation Between Per Cent Reduction of Area at Fracture and Hardness for RC-55 
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Fic. 6.—Relation Between Yield Strength at 0.2 per cent Offset and Hardness for RC-5S and 
Ti-75A Titanium Alloys. 
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The curves of Fig. 1 were selected to 
show the effect of chemical composition. 
Specimen B-33 (listed in Table III) of 
heat RIA-125D, which has a low carbon 
(0.140 per cent) and nitrogen (0.035 per 
cent) content, showed a high true ulti- 
mate stress at fracture (141,000 psi). 
Specimen JJ-28 of heat RIA-126B, which 
has a high carbon (0.185 per cent) and 
nitrogen (0.059 per cent) content, had a 
low true ultimate stress at fracture 
(83,000 psi). Specimen RR-3 of heat 
RIA-120 has intermediary strength 
properties between those of specimens 
B-33 and JJ-28. 

The RC-55 alloys in Table III are 
arranged roughly in order of decreasing 
strength. For purposes of comparison, the 
listing of the alloys in Table I conforms 
to that of Table III. The tabulated data 


indicate a decrease in strength with in- 


crease in nitrogen content. The same 
trend to exist with carbon content. 

Figures 3, 4, 5, and 6 correlate the 
strength properties of RC-55 and Ti-75A 


titanium alloy to Rockwell C hardness. 


Normally, good correlation is found be- 


tween hardness and nominal ultimate 


stress. However, Fig. 4 indicates that 


this is not the case for the RC-55 ti- 


tanium alloys. Rather, fair correlation 
was found between Rockwell C hardness 
and proportional limit (Fig. 3), and per 
cent reduction in area at fracture (Fig. 


_ 5), and yield strength at 0.2 per cent off- 


set (Fig. 6). (Additional data for RC-55 
titanium alloys not summarized in Table 
III were used in plotting Figs. 3, 4, 5, 
and 6.) The tabulated and plotted data 
for the RC-55 titanium alloys indicate a 


_ decrease in strength and hardness and an 
- increase in ductility with increase in per- 


centage carbon and nitrogen content. 
The few data available for Ti-75A 

titanium alloy are presented for compari- 

son with those of the RC-55 titanium 


alloy. Mechanical properties are sum- 


marized in Table II. 


FATIGUE MACHINES 


Fatigue tests were conducted at 1800 
rpm on rotating-beam machines designed 
and constructed in the Department of 
Civil Engineering at Carnegie Institute 
of Technology (4). These machines are, 
in all essentials, similar to an earlier ma- 
chine designed and built by Chao-Lin- 
Chang (5). (See Fig. 7.) Axial and bending 
stresses are induced in the specimen. 
Alternating stresses, varying from com- 
plete reversal to pure tension, can be de- 
veloped by varying the magnitudes of 
the axial and bending stresses. 

The specimen is bent by the weight 
W, that is connected by the string A, 
to the vertical moment arms M, and M,. 
These vertical arms are fastened to the 
bearing housings H; and H,. Since the 
housings are free to rotate about the hori- 
zontal pivots P; and P2, the bending 
moment due to the weight W, is resisted 
solely by the specimen. 

The specimen is stretched by the 
weight W,. The pull in the cable A, 
is resisted by tension in the specimen be- 
cause the bar T; is free to rotate about 
the pivot P,. 

The machines were calibrated stati- 
cally and dynamically. Results of dy- 
namic tests showed that the maximum 
stress was the same whether the speci- 
men was stationary or rotating at 1800 
rpm. 


FATIGUE SPECIMENS 


The fatigue specimens tested at 1800 
rpm were 0.25 in. in diameter at the 
smallest section and 3.00 in. long. The 
center of the specimens had a radius of 
4.53 in. The cutting tool for turning down 
the radius on the specimen was driven 
by an auxiliary motor at a uniform speed 
of 1.2 in. per min along the specimen. 
The specimen was turned in a lathe at 
420 rpm. During the roughing down of 
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the specimen, each pass with the cutting 
tool was taken at a depth of about 0.032 
in. The final two or three cuts were about 
0.003 in. each. The specimens were then 
polished in the circumferential direction 
with Nos. 1 and 0 emery polishing paper. 
The final polishing was done with a 
rouged buffing wheel. The cutting and 
polishing operation was standardized to 
obtain a uniform end product. 

Specimens tested at 10,000 rpm were 
standard R. R. Moore fatigue specimens 
with a minimum diameter of 0.225 in. 
Specimens had a center radius of 4.53 in. 
and an over-all length of 3 in. 
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had high carbon and nitrogen contents 
and widely different hardness and 
strength properties. 

Specimens selected from heat RIA- 
120 with a Rockwell C hardness be- 
tween 20 and 23 were tested dynam- 
ically at 1800 rpm at the following stress 
ratios*: r = —0.5, 0, and +0.2. When 
r was greater than +0.2, there was a 
gradual yielding or necking of the speci- 
men before failure instead of a sudden 
fatigue fracture. 

Tests were conducted on specimens 
prestrained 0.4, 2.0, and 10.0 per cent, a 
standard tension testing machine being 


TABLE IV.—BASIS FOR SELECTION OF FATIGUE SPECIMENS. 


Carbon Nitrogen 0.2 ultimate Hardness 

Heat® 4 tiona timate tress at, 

per cent percent | 7; it®, per cent | psi| Fracture®, Rockwell C 

imit®, psi Offset®, psi | Stress”, ps 

pie. eee 0.140 0.035 55 500 73 300 93 000 | 137 300 | 20 to 23 
0 EEE 0.146 0.045 50 500 | 66 000 | 88 300 | 128 000 | 20 to 23 
RIA-125B...........| 0.180 0.050 63 000 74 300 91 500 132 300 | 25 to 29 
EE: 6 ks cecenes 0.185 0.059 50 000 | 62 000 | 83 000 | 120 000 | 15to 17 


Taken from Table I. 


» Average values based on data given in Table III. 


PROCEDURE 


Complete reversal tests were con- 
ducted at 1800 rpm on specimens of the 
RC-55 alioy, selected from three dif- 
ferent hardness ranges. The specimens 
were also selected on the basis of chemi- 
cal composition to investigate the effect 
of carbon and nitrogen content on the 
fatigue behavior of this alloy. A selection 
with maximum spread of the strength 
properties was made in order to allow 
satisfactory correlation of the static and 
fatigue properties. Table IV summarizes 
the chemical composition and average 
static properties of the four materials 
tested in fatigue. Specimens from heats 
RIA-125D and RIA-120 had low carbon 
and nitrogen contents and relatively 
similar hardness and strength proper- 
ties. Those of RIA-125B and RIA-126B 


used for prestraining the specimens. 
Elongations were measured with a pair 
of ocular micrometers mounted on the 
fixed head of the machine. A ?-in. gage 
length was scribed in marking ink and 
the specimen was pulled a predeter- 
mined amount as measured by the optical 
gages. The increase in length necessary 
to produce a given prestrain at the 
smallest section was determined from 
the stress-strain diagram of the material. 
To insure alignment, all specimens were 
machined oversize 0.025 in. before pre- 
straining. After prestraining, the speci- 
mens were machined to the proper size 
and polished. 

The fatigue tests described above were 
conducted at 1800 rpm with the speci- 
mens exposed to air. Whenever these 
Minimum stress, 


3 
Stress ratio, Maximum stress 
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specimens were tested above the fatigue 
strength of 10’ cycles at complete rever- 
sal, their surface temperature increased 
above the room temperature. The in- 
crease in temperature during a test was 
measured by a thermocouple fastened 
to the specimen at its smallest section 
and connected to a strip chart tempera- 
ture recorder (Leeds & Northrup con- 
tinous recording potentiometer). The 
thermocouple was fastened to the speci- 
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thermal and nonisothermal conditions. 
The surface temperature of the specimen 
was controlled by spraying with a coolant 
(water) kept at room temperature. 
Speeds of 10,000 rpm were obtained 
with an R. R. Moore high-speed rotating- 
beam fatigue machine. 

Early work by N. E. Promisel ©) on 
fatigue of titanium showed an endurance 
limit fairly well developed at 10’ cycles. 
Initial tests conducted in this investiga- 


men by means of a thin piece of wire 
that did not influence the stress in the 
specimen. Connections between the 
thermocouple and the temperature re- 
corder were made by slip rings mounted 
on the shaft. The leads from the thermo- 
couple were connected to the slip rings, 
and in turn contact with the leads from 
“the recorder was made through brass 
brushes. 
The effects of speed of testing and in- 
ternal heating were studied by testing 
specimens at different speeds under iso- 


Hardness, Heat 
Curve* RockwellC Number Material 
100 000 o 25-29 RIA-I25B RC-55 
17 20-23 RIA-I20 RC-55 
° 20-23 RIA-I25D RC-55 
Ss 7 
90000 20 SF > 4 15-17 RIA-I26B RC-55 
v 16-18 L-339 TI-75A 
| | | 
a 
80000 19 * Number Symbol Means 
+4 Number of Tests Conducted at 
3 Heat No.’ o that Stress Level. Median of . 
Pry ew Plotted. 
70000 
16 17 2 
2 
2 
50000 
10% 10% 108 10° 107 


Cycles to Failure 
me. 8.—S-N Diagram for Complete Reversal Tests on Titanium Tested at 1800 rpm Without 
t. 


tion showed a rapid flattening of the 
S-N diagram for number of cycles of 
stress greater than 5 X 10°. Repeatedly, 
specimens tested for 5 X 10’ cycles of 
stress near the “endurance limit” did not 
fail. This has been substantiated by cur- 
rent work being conducted at Carnegie 
Institute of Technology on five titanium 
alloys (Ti-1S0A, RC-130A, RC-130B, 
Ti-alloy, and Ti-75A) (7), by Bishop, 
Spretnak, and Fontana (8) and by test 
results reported in reference (3). Bishop, 
Spretnak, and Fontana state: “Ap- 
parently these alloys (Ti-150A and 
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RC-130B) possess a rather definite en- 
durance limit as shown by the flatness of 
the S-N curves beyond 10° cycles. This 
is another property they have in com- 
mon with steels.” Since this phase of 
fatigue behavior of titanium requires 
further study, fatigue strength at 10’ 
cycles is used for correlation of static 
and dynamic properties of the titanium 
alloys. 


data. Detailed data can be found in 
reference (2). 

The scatter of points near the fatigue 
strength of 10’ cycles is characteristic 
for titanium. There is a range of stress 
for RC-55 and Ti-75A titanium alloys 
between 60 and 66 per cent of the 
nominal ultimate stress, where a speci- 
men may fail in a limited number of 
cycles or may last indefinitely. This 
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Heoter Number RIA-120 


Hordness, RockwellC 20-23 


Section Modulus 1.52x107> in? 


Moment, in-Ib 


40 
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Deflection, in. 
Fic. 9.—Static Deflection at Center of RC-55 Specimen Mounted in Fatigue Machine. 


RESULTS OF FATIGUE TESTS 
Complete Reversal: 


The results of complete reversal tests 
for five different titanium alloys are 
shown in Fig. 8. A number beside a point 
gives the number of specimens tested 
at a particular stress level. No number 
implies one test. A point with a number 
represents the median‘ of the observed 

4 Median is defined as that point on the scale 


of a frequency distribution below and above 
which just 50 per cent of the observations occur. 


same phenomena has been reported by 
others (3). 

Test results indicate an improvement 
in the fatigue properties of titanium at 
higher hardness. However, comparison 
between curves RIA-126B for RC-55 
and Ti-75A shows that the relationship 
is not consistent for both alloys. The 
Ti-75A alloy has less favorable fatigue 
properties than the RC-55 alloy of lower 
hardness. Curves RIA-120 and RIA- 
125D are results of tests conducted on 
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titanium specimens with the same hard- 
ness range and with similar chemical 
composition (low carbon and nitrogen 
contents). The two materials have the 
same fatigue strength at 10’ cycles but 
exhibit different behavior in the finite- 
life range of the S-N curve. As shown in 
Table IV, these two materials have 
relatively similar strength properties. On 
the other hand, curves RIA-125B and 
RIA-126B for two materials with similar 
chemical composition (high carbon and 
nitrogen contents) but different strength 
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138 in-lb, has a maximum stress at the 
surface of 92,000 psi calculated from a 
linear stress-strain curve and 69,000 psi 
based on the nonlinear curve of Fig. 1. 
This lower maximum stress, however, 
exists for only the first few applications 
of repeated loading. In fact the stress 
at the surface of a specimen that origi- 
nally yielded under a load statically 
applied rises, after a few cycles of stress, 
to the value that would have occurred 
had the specimen behaved purely elasti- 
cally from the start. Evidence of this 
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properties have entirely different fatigue 
_ characteristics. The data are inconclusive 
regarding the effect of chemical composi- 
- tion on the fatigue behavior of RC-55 

titanium alloy. 
A comparison between the curves in 
_ Fig. 8 and the stress-strain diagrams for 
these materials shown in Figs. 1 and 2 
reveals that titanium has a fatigue 
_ strength at 10’ cycles generally above the 
_ proportional limit. This implies that if 
_ the actual stress at the surface of the 
specimen is calculated from a static 
stress-strain relationship it is less than 
that calculated on a linear stress-strain 
basis. For example, a 0.25-in. diameter 
specimen with a section modulus of 1.52 
X 10° in.* subjected to a moment of 


8000 
Cycles to Failure 


Fic. 10.—Deflection at Center of Specimen Against Number of Cycles, RC-55 Alloy Tested at 
_ 1800 rpm Without Coolant (Reproduced from Recording Chart). 


12000 16000 


behavior is found in Figs. 9 and 10. 
Figure 9 shows the actual and nominal 
center deflection of a specimen when 
loaded statically in the fatigue machine. 
A bending moment of 138 in-lb would 
produce a static deflection of 0.101 in. 
if the material behaved elastically. 
However, due to plastic deformation, the 
specimen deflected to 0.118 in. under 
the static bending moment of 138 in-lb. 

Figure 10 (a plot taken from a strip 
chart recorder), however, shows that 
during the fatigue test the deflection at 
the center of the specimen, subjected to 
the same bending moment of 138 in-lb, 
is 0.10 in. which, as Fig. 9 illustrates, is 
the value consistent with elastic behav- 
ior. These observations indicate that the 
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Fic. 12.—Modified Goodman Diagram for RC-55 Titanium Alloy Tested at 1800 rpm Without 


Coolant. 


elastic range of the material is increased 


due to work hardening. Indeed the speci- 
men did not reach the deflection that 


would occur considering elastic-plastic 
behavior until very near fracture. This 
aspect of fatigue behavior is discussed in 


reference (9). 


Range of Stress: 


Range of stress tests for the RC-55 
alloy are presented in Fig. 11 for stress 
ratios of r = —1.0, —0.5, 0, and +0.2. 
The maximum stress at 10’ cycles is 
significantly increased at high stress 
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ratios. Figure 12, a modified Goodman 
diagram, shows the relationship between 
maximum stress at 10’ cycles and range 
of stress. The range of stress is assumed 
to be a linear function of the mean stress. 
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complete stress reversal tests conducted 
on prestrained specimens. The fatigue 
strength at 10’ cycles for specimens with 
0.4 per cent prestrain did not differ from 
the fatigue strength at 10’ cycles of speci- 


110000 
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/ 
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a 2 a Number of Tests Conducted at 
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4INSe 
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22 
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10° 104% 10° 10 
Cycles to Failure Soran 


Su 
S. = (EL)-; [: 
where: 


Sa = alternating stress, 


(EL)_; = endurance limit at complete 
reversal (r = 1), 

= mean stress, and 

static nominal ultimate stress. 

_ To construct the diagram, the mini- 
_ mum stresses were plotted along a line 
drawn at 45 deg through the minimum 
stress complete reversal and the nominal 
ultimate stress. The experimental points 
are seen to be slightly above the theoreti- 
_ cal values but on the safe side. 


 Prestrain: 


Figure 13 shows the S-N diagrams of 


Fic. 13.—S-N Diagram for Prestrain Tests on RC-55 Alloy Tested at 1800 rpm Without Coolant. 


mens not prestrained. However, pre- 
straining the specimens 2.0 and 10.0 per 
cent considerably increased the fatigue 
strength at 10’ cycles. Tests on speci- 
mens prestrained 0.4 and 2.0 per cent 
showed a shorter fatigue life in the 
finite-life range than specimens with 
zero prestrain. At 10.0 per cent pre- 
strain the finite-life range of the S-N 
diagram is higher than the S-N diagram 
of the unstrained material. The correla- 
tion between per cent prestrain and 
fatigue strength at 10’ cycles for speci- 
mens tested at 1800 rpm is shown in 
Fig. 14. 


Influence of testing speed and isothermal 
conditions: 
As mentioned earlier, an increase in 
surface temperature was observed in 
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Alloy. Tested at 1800 rpm Without Coolant. 


imen versus Number of Cycles, RC-55 Alloy. 


Fic. 16.—Nonisothermal Fatigue Tests at Speeds of 1800 and 10,000 rpm Conducted on RC-55 
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specimens tested above the fatigue 
strength at 10’ cycles and at testing 
speeds of 1800 rpm without coolant. Fig- 
ure 15 (a plot taken from a strip chart 
recorder) shows the surface temperature 
variation of a specimen tested in com- 
plete reversal at a maximum stress of 
90,000 psi.® This phenomena of surface 
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less at a given testing speed and stress 
level than if the specimen were kept at a 
constant temperature in the water bath. 
Furthermore, it would be expected that 
speed of testing is significant since the 
faster the testing speed the greater is the 
heat generated per unit time. This is 
illustrated in Fig. 16. The tests are non- 


109000 Hardness, Rockwell C 20-24 
4 Heat Number RIA-125C 
90 000 © 10000 RPM 
80000 oS 
§ 
= ” 
60.000 
5 % 
50000 
10% 10% 10° 10” 
a 4. 


Cycles to Failure 
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temperature is also mentioned by Prom- 
isel ©). 

The question arises as to what effect 
this temperature rise has on the fatigue 
life. If the temperature rise has a detri- 
mental effect on the material, failure will 
be hastened and the fatigue life will be 


5 The problem of internal heat is more fully 
discussed in reference (9) and is being submitted 


publication. 


Hardness, Rockwell C 
Fic. 18.—Relation Between Fatigue Strength at 10’ Cycles and Average Hardness. 


isothermal and at complete stress re- 
versal. Considering the results of tests 
conducted at 1800 rpm as base, an in- 
crease in the speed of testing from 1800 
to 10,000 rpm shows a decrease of 11,000 
psi in the fatigue strength at 10’ cycles 
from 55,000 to 44,000 psi. Figure 17, 
which gives test results for the same 
material conducted under isothermal 
conditions (surface temperature of speci- 
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men kept at room temperature by spray- 
ing with water), shows for an increase in 
testing speed from 1800 to 10,000 rpm, 
an increase of 2000 psi in the fatigue 
strength at 10’ cycles from 67,000 psi to 
69,000 psi. At speeds of 10,000 rpm, the 
thermal softening caused the fatigue 
strength at 10’ cycles to decrease by 


this conjecture. The center deflection 
of the rotating-beam specimen (Fig. 10) 
when subjected to cyclic stresses agreed 
with that calculated from a linear elastic 
theory. Only upon approaching fracture 
did the dynamic deflection approach the 
elastic-plastic deflection observed in a 
static deflection test. 7 
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Fic. 20.—Relation Between Fatigue Strength at 10’ Cycles and Nominal Ultimate Stress. 


25,000 psi, while at 1800 rpm the de- 
crease in fatigue strength at 10’ cycles 
was 12,000 psi. 


SUMMARY OF DEFLECTION AND 
TEMPERATURE OBSERVATIONS 


k The fatigue strength at 10’ cycles lies 
above the proportional limit as deter- 
mined by a static tension test. This indi- 
cates that the proportional limit is 
raised during cyclic stressing. Evidence 
obtained from deflection tests supports 


The elastic behavior continued for 
about 50 per cent of the number of cycles 
to failure. In the last 25 per cent of the 
fatigue life a rapid increase in deflection, 
as shown in Fig. 10, occurred. The in- 
crease in deflection is possibly related to 
propagation of cracks, work softening, 
thermal softening, or some combination 
of these or other factors. 

The rate of heat generation in the late 
life of a specimen is so great that it can- 
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not be conducted away through the 
specimen or to the surrounding air. Con- 
sequently thermal softening and a rapid 
propagation of cracks and failure follow. 
Failure is characterized by discoloration 
and a rough fracture surface. If the heat 
is carried away by means of a water 


- coolant as fast as it is generated, the 


strength is not reduced and more work 
has to be done to produce a fracture. The 
fractured surfaces of cooled specimens 
show no distortion. Also, crack propaga- 
tions extending over roughly one half 


_ the area of the specimen have been ob- 


TABLE V.—FATIGUE RATIOS FOR 
RC-55* TESTED AT 1800 AND 10,000 RPM 
WITH AND WITHOUT COOLANT. 


Fatigue Ratios, per cent 


Test Condition Testing Speed, rpm 

1800 10 000 
Without coolant......... 57 47 
With coolant’........... 70 73 


* Heat RIA-125C, Rockwell C Hardness 22 
nominal ultimate tensile stress 96,500 psi. 

Water sprayed on specimen to maintain 
normal room temperature at the surface of the 


specimen. 


served in specimens tested under isother- 
mal conditions (2). 


CORRELATION BETWEEN STATIC AND 
DyNAMIC PROPERTIES 


Figures 18, 19, and 20 give correlations 
of the static and fatigue properties of 
RC-55 and Ti-75A titanium alloys. 
Average values calculated from the data 
given in Tables II and III were used as 
the static strength properties. The 


- fatigue strength at 10’ cycles is based on 
_ tests conducted at 1800 rpm and without 


coolant (that is water was not sprayed 
on the specimen during cyclic stressing). 
Figure 18 relates fatigue strength at 10’ 
cycles and Rockwell C hardness. Data 
suggest a straight-line relation for the 
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RC-5S5 alloy. Figure 19 shows good cor- 
relation between fatigue strength at 10’ 
cycles and yield strength at 0.2 per cent 
offset. 

Figure 20 gives a fatigue ratio (fatigue 
strength at 10’ cycles to nominal ulti- 
mate stress) of 65 per cent. This high 
value has been supported by other in- 
vestigators (6, 7, 8, 10). It is interesting to 
consider the effect of internal heating 
and speed of testing on the fatigue ratio 
of RC-55 titanium alloy. Table V gives 
the fatigue ratios obtained from test data 
plotted in Figs. 16 and 17 and listed in 
Table III. Controlling the internal heat 
generated during cyclic stressing signifi- 
cantly increases the fatigue ratio at both 
testing speeds. This phenomena of in- 
ternal heating seems to be characteristic 
of titanium ©, 7, 9) and should be con- 
sidered in evaluating and comparing 
fatigue ratios of titanium and its alloys. 


CONCLUSIONS 


1. Static, tensile strength properties 
of RC-55 titanium alloy are sensitive to 
small variations of carbon and nitrogen 
content. The strength properties appear 
to decrease and ductility to increase with 
increase of carbon and nitrogen content. 

2. Fair correlation of proportional 
limit, yield strength at 0.2 per cent 
offset, and per cent reduction in area at 
fracture to Rockwell C hardness were 
found for the RC-55 and Ti-75A titan- 
ium alloys, while no correlation was 
discernible between nominal ultimate 
tensile stress and Rockwell C hardness. 

3. There is good correlation between 
the fatigue strength at 10’ cycles and the 
yield strength at 0.2 per cent offset for 
RC-55 and Ti-75A titanium alloys. 

4. The fatigue ratio (fatigue strength 
at 10’ cycles to nominal ultimate tensile 
stress) ranged from 58 to 66 per cent 
with an average value of 65 per cent for 
the two alloys. 
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5. Speed of testing and cooling of ro- 
tating-beam specimens influence the 
fatigue ratio. Cooling RC-55 titanium 
alloy during cyclic stressing increased the 
fatigue ratio 27 and 26 per cent, re- 
spectively, at testing speeds of 1800 and 
10,000 rpm. The fatigue ratio of speci- 
mens tested without coolant decreased 10 
per cent when tested at speeds of 1800 
and 10,000 rpm, while with coolant the 
fatigue ratio increased 3 per cent when 
tested at the same speeds. 

6. The effect of range of stress on the 
fatigue properties of RC-55 titanium al- 
loy can be predicted by the modified 
Goodman hypothesis. 


7. Tensile prestraining raises the 
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reversal. However, the finite-life range, 
compared to that of no prestrain, was de- 
creased at prestrains of 0.4 and 2 per 
cent and was increased at 10 per cent 
prestrain. 
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Mr. Georce R. Goun! (presented in 
written form).—The authors are to be 
congratulated for presenting some very 
useful data on the fatigue properties of 
titanium. Such information should prove 
quite valuable to users of this new ma- 

terial. 
_ Messrs. Romualdi and D’Appolonia 
have shown a relationship between 
maximum stress at 10’ cycles and range 
of stress for the RC-55 titanium alloy 
in the form of a modified Goodman di- 
agram, Fig. 11. As stated, the experi- 
mental points appear to be slightly above 
the theoretical values. Reference to the 
mechanical properties as listed in Table 
III indicates that this material has an 
average proportional limit of 50,500 psi 
and an average yield strength at 0.2 per 
cent offset of 66,000 psi. The fatigue 
stress shown for zero mean stress is inter- 
mediate between these two values, but 
the next point shown on the modified 
Goodman diagram represents a maxi- 
mum fatigue stress greater than either 
the proportional limit or the yield 
strength. In view of this, I do not believe 
the authors are justified in drawing the 
conclusion that their test data conform 
to the modified Goodman diagram. This 
implies, although the authors do not so 
, state, that the range of stress is de- 

pendent upon the mean stress. 

W. C. Ellis and the writer, in a paper 


1 Member Technical Staff, Bell Telephone 
Laboratories, Inc., New York, N. Y. 
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2 
presented before the Society in 1947, 
pointed out that a review of the litera- 
ture indicated that: 

1. For ductile materials in torsion the 
alternating stress was constant for vari- 
ous mean stresses provided the maximum 
stress did not exceed the yield point. 

2. For notch-free ductile specimens in 
which the mean stress was axial tension, 
the alternating stress could be computed 
from the modified Goodman formula. 

3. When the mean stress was axial 
compression, the alternating stress was 
either constant and equal to or greater 
than the endurance limit for completely 
reversed stress. 

4. Orowan,® on theoretical grounds, 
had shown that the safe range of stress 
was independent of the mean stress so 
long as the maximum stress did not ex- 
ceed the elastic limit. 

5. Gohn and Ellis? showed that for 
two non-ferrous materials tested in bend- 
ing the range of stress was independent 
of the mean stress so long as the maxi- 
mum stress did not exceed the yield 
point. Subsequently, in a later paper,‘ 
E. R. Morton and the writer confirmed 
these observations and further showed 
that, when the maximum fatigue stress 

2G. R. Gohn and W. C. Ellis, “The Fatigue 
Characteristics of Copper-Nickel-Zinc and Phos- 
phor Bronze Strip in Bending Under Conditions 
of Unsymmetrical Loading,” Proceedings, Am. 
Soc. Testing Mats., Vol. 47, p. 713 (1947). 

3E. Orowan, “Theory of Fatigue Failure,” 
Proceedings, Royal Soc., Vol. 171, p. 79 (1939). 

*G. R. Gohn and E. R. Morton, ‘““A New High- 
Speed Sheet Metal Fatigue Testing Machine for 


Unsymmetrical Bending Studies,” Proceedings, 
Am. Soc. Testing Mats., Vel. 49, P. 702 — 
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exceeded the yield strength, the safe 
range of stress fell off in the direction 
predicted by the Goodman diagram. 

The authors’ data would appear to fit 
more nearly into the findings of Gohn 
and Ellis and the theoretical prediction 
of Orowan than into the modified Good- 
man diagram. 

(Oral discussion).—There are three 
points not covered in the written discus- 
sion that I would like to mention. About 
twenty years ago we discussed with H. 
F. Moore the marked effect of speed on 
the fatigue characteristics of materials 
tested in the plastic range. Moore then 
carried out a number of research projects 
which confirmed our earlier findings. 
These are reported in the paper by 
Ellis and Gohn referred to above? In 
that paper we showed that the fatigue 
properties of lead and lead alloys were 
markedly affected by the speed of test- 
ing. For example, there is a ten-fold in- 
crease in cycle life when the test is made 
at 2000 cpm instead of at } cpm. Are not 
some of the authors’ results effected by 
the speed of test since the tests were ob- 
viously made in the plastic range? 

The second point that I would like to 
raise with the authors is this: It is known 
that the modulus of elasticity for non- 
ferrous materials falls off markedly with 
only slight increases in temperature. 
Therefore, are not some of these phe- 
nomena which they have observed due 
to the modulus falling off as the tempera- 
ture rises? If the temperature rises, the 
modulus will fall off and there will obvi- 
ously be some deviation from the straight 
line. 

Finally, the authors have pointed out 
that certain investigators using air as the 
coolant had reported 80 per cent for the 
ratio between fatigue strength and ten- 
sile strength of titanium alloys tested at 
high speeds as compared to the 70 per 
cent which the authors are reporting for 
tests run at 1800 cpm with water as the 
coolant. I wonder if this does not go back 


to some of the basic work which McAdam 
did when he was at the Naval Engineer- 


ing Experiment Station. In his work he 
showed that one of the most corrosive 
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mediums, insofar as its effect on fatigue _ 


life was concerned, was tap water taken 
from the river at Annapolis. We ourselves 
have shown that ordinary tap water, or 
even distilled water, when applied to 
lead results in corrosion-fatigue. Perhaps 
the higher ratio reported by those using 
air as a coolant may be due to the fact 
that the use of water as a coolant leads to 
corrosion with its consequent reduction 
in fatigue strength. Since corrosion is a 
time-dependent function, such results as 
those cited by the authors are not incon- 
sistent. 

Mr. B. J. Lazan.5—There are two as- 
pects of this paper I would like to discuss 
briefly; one is the assumption made by 
the authors that the cyclic stress is 
linearly related to the cyclic strain, and 
the second is the matter of specimen 
heating during fatigue testing. The points 
to be discussed require the introduction 
of some experimental data procured 
recently in the University of Minnesota 
program on dynamic properties of ma- 
terials. 

The equipment used in the Minnesota 
work permits the continuous determina- 
tion of the dynamic modulus of elasticity 
and damping energy during the course of 
rotating-beam fatigue tests.* Data pro- 
cured on such equipment on RC-55 ti- 
tanium, cold worked, which is similar to 
one of the materials used by the authors, 
are shown in accompanying Fig. 21. The 
dynamic modulus of elasticity curves are 
secant values (ratios of maximum cyclic 
stress to maximum cyclic strain during a 
stress cycle) and refer to the average 
values for a rotating-beam solid specimen 

5 Professor of Materials Engineering, Uni- 
versity of Minnesota, Minneapolis, Minn. 

B. J. Lazan, “A Study with New Equipment 
of the Effects of Fatigue Stress on the Damping 


Capacity and Elasticity of Mild Steel,” Trans- 
actions, Am. Soc. Metals, Vol. 42, p. 499 (1950). 
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(all stresses from zero to maximum pres- 
ent). The specific dynamic modulus 
(that associated with a specific maximum 
stress or that under uniform axial ten- 
sion-compression) would display signifi- 
- cantly larger reductions than shown in 
Fig. 21—very approximately three times 
_ as large. The damping energies plotted in 
Fig. 21 are specific values, or those asso- 
ciated with a specific stress; or that 
energy which would be absorbed if 1 cu 
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curves, it may be seen that even though 
there is relatively little decrease from the 
initial static value for near virgin ma- 
terial (for example, refer to the “1.3” 
curve showing the relationship after 20 
cycles of stress), there is a fairly sub- 
stantial reduction after a large number of 
cycles have been imposed on the test 
specimen (for example, refer to the “6” 
curve showing the relationship after 10° 
cycles have been imposed). Thus, at the 
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Fic. 21.—Effect of Amplitude of Reversed Stress and Number of Stress Cycles on the Damping 
and Elasticity Properties of RC-55 Titanium, Cold Worked, at Room Temperature. 


in. of metal were under uniform tension- 
compression stress.’ It is apparent from 
Fig. 21 that both the dynamic modulus 
and damping energy are affected by both 
stress magnitude and stress history, the 
dynamic modulus decreasing and the 
damping energy increasing with number 
of stress cycles. The damping and elas- 
ticity behavior of other titaniums and 
other metals are summarized elsewhere.’ 

Referring first to the dynamic modulus 

7B. J. Lazan, “Fatigue Failure Under Reso- 


nant Vibration Conditions,” Technical Report 
64-20, Wright Air Development Center, March, 
1954. 


fatigue limit the average dynamic modu- 
lus may be 10 per cent below the initial 
static value and the specific dynamic 
modulus (which is more directly related 
to stress distribution in the bending 
specimen and the difference between 
elastic stress and true stress) would be 
very approximately 30 per cent lower. 
Thus, the authors’ inference that lin- 
earity between strain and stress may be 
assumed under cyclic stress should be 
qualified. I should like to inquire if the 
authors continued to measure the deflec- 
tion at the center of the specimen during 
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the entire fatigue test for RC-55. If so, 
did they observe any significant increase 
in deflection under increasing number of 
cycles at high stress levels? 

The second point to be raised is in con- 
nection with specimen heating. Such 
internal heating is directly dependent on 
the damping energy dissipated by the 
material as shown in Fig. 21 for RC-5S. 
As may be inferred from the tempera- 
ture-increase curves shown by the au- 
thors, the damping energy does increase 
significantly with stress history. For 
example, at the fatigue strength Fig. 21 
shows an increase from 6 in-lb per cu in. 
per cycle for the near virgin material to 
20 for the material having 10° cycles of 
stress. This means that 1 cu in. of the 
material if uniformly stressed under 
reversed tension-compression would dis- 
sipate at the fatigue strength as much as 
approximately 0.1 hp at 1800 cpm and 
0.55 hp at 10,000 cpm (assuming damp- 
ing not greatly affected by frequency). 
At a stress of 140 per cent of the fatigue 
strength, the horsepower dissipated 
would be roughly ten times the values 
given above. Needless to say, specimen 
heating may become a very serious prob- 
lem in specimens or parts which are 
stressed so that a reasonably large per- 
centage of the volume of metal is at near 
peak stress. In parts with severe stress 
raisers, however, the effective volume of 
metal at high stress may be a very small 
percentage of the total volume, and the 
heat generated by the total damping 
energy may often be dissipated without 
serious temperature increases. 

In some of the Minnesota attempts to 
cool fatigue specimens artificially and 
maintain them at room temperature, 
some evidence was found that even 
though the thermocouples and sometimes 
the surface metal were kept near room 
temperature, the interior metal still 
overheated. Did the authors observe 
any evidence of this in their work? 
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and D’Appolonia placed emphasis on the 
proportional limit in interpreting and in 
commenting on their results. Since the 
“proportional limit” is markedly 


Mr. T, J. Dotan.2—Messrs. the 


enced by methods of testing, sensitivity 
of instruments, scale to which data are 
plotted, and other minor factors, it has 
little physical significance. 

In Fig. 20 showing the relationship 
between endurance limit and tensile 
strength, the authors pointed out the 
endurance limit was roughly 65 per cent 
of the tensile strength in accordance 
with the straight line. Since there was 
considerable scatter of data evident, I 
am wondering whether this line was 
faired in at random or determined by the 
principle of least squares for all of the 
observations. Several widely divergent 
values could be obtained for this ratio, 
depending on how the data were inter- 
preted. 

In connection with the temperature 
rise reported, the figures showing (a) 
deflection increasing with number of 
cycles and (6) increase in temperature 
with number of cycles were both taken 
from one specimen. This specimen was 
tested at a very high stress and the total 
elapsed time in testing was only about 10 
min. At comparable high levels of fatigue 
stressing, almost every metal exhibits a 
similar rise in temperature. I should like 
to ask whether the author has similar 
data for specimens run at lower stress 
levels (which lasted for considerably 
longer periods of time) that show the 
same trends in temperature rise. Specif- 
ically, were temperature records made 
for all specimens plotted in Figs. 16 and 
17? 

In Fig. 16 (which showed stress versus 
cycles to failure for tests at 10,000 rpm 
versus 1800 rpm) the curves appear to 

8 Head of Department of Theoretical and 


Applied Mechanics, University of Illinois, Ur- 
bana, 
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converge at the upper stress levels. If 
heating were the only factor it would 
seem that this is the range in which most 
heating occurs and for which the data 
should be most divergent; the dissipation 
of heat (with more time available) in the 
slower tests would result in less tendency 
to overheating than in the 10,000-rpm 
tests. 

Similarly, I would like to emphasize 
Mr. Gohn’s comments about the effect of 
water on fatigue specimens. Practically 
all metals have their fatigue life dras- 
tically reduced by the simultaneous 
presence of water on the specimens. 
While we know little about corrosion- 
fatigue characteristics of titanium, this 
could explain the reason why the tests 
with water as a coolant showed a lower 
fatigue life at 1800 rpm than at 10,000 
rpm. In the slower tests the greater time 
available for corrosion effects could well 
explain the differences noted in Figs. 16 
and 17. 

Messrs. E. D’APPOLONIA AND J. P. 
(authors’ closure)—The au- 
thors have reviewed their data on range 
of stress and concur with Mr. Gohn’s 
statement “...when the maximum 
fatigue stress exceeded the yield strength 
the safe range of stress fell off in the 
direction predicted by the Goodman 
diagram.” We are grateful to him for his 
comments on range of stress. 

Fatigue tests conducted on steel and 
aluminum alloys indicate that speed of 
testing does not influence the fatigue 
behavior. This was not the case with the 
lead alloys discussed by Mr. Gohn,? nor 
does it apply to titanium alloys. The heat 
generated during the fatigue testing of 
steel and aluminum is dissipated almost 
as rapidly as it is generated. Titanium, 
however, is a poor heat conductor. The 
heat that accumulates within the speci- 
men during fatigue testing has an adverse 
effect on the fatigue behavior of the 
metal. The modulus of elasticity and 
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other strength properties are decreased 
because of the heat stored within the 
specimen. Consequently, the fatigue 
characteristics of the metal are altered, 
as shown by Figs. 16 and 17. The detri- 
mental effect of the heat stored is so 
severe at high stress levels that the 
fatigue life at 1800 and 10,000 rpm con- 
verge. Test data from specimens tested 
with a coolant do not show this trend. 
Tests were not conducted to determine 
the corrosive effect of a water coolant. 
Corrosion tests* made on commercially 
pure titanium show that it is completely 
resistant to attack under all conditions 
of exposure. Based on these data the 
authors did not consider corrosion as an 
important factor in this fatigue study. 
Figure 21 given by Mr. Lazan is in- 
deed interesting and is closely related to 
our work. The authors measured the mid- 
span deflection of a rotating-beam speci- 
men throughout its entire fatigue life. 
The deflection of a specimen stressed 
beyond the linear-elastic range of the 
material was consistent with the deflec- 
tion based on an extension of the linear- 
elastic portion of the load-deflection 
curve. It was inferred from this observa- 
tion that stress and strain were linearly 
related by Young’s modulus of elasticity. 
This pseudo-elastic deflection lasts for 
only a part of the fatigue life of a speci- 
men. With additional cycles of stress, a 
rapid increase in deflection and fracture 
occur. The number of cycles at which the 
deflection starts to increase depends on 
the speed of testing and the manner in 
which the heat generated is dissipated. 
Figure 21 shows the decrease in dy- 
namic modulus with increase cycles of 
stress. We believe this decrease is caused 
by the heat stored within the specimen 
during cyclic loading. A thermal soften- 
ing occurs. If the heat were dissipated as 
rapidly as it is generated, one would 
probably not observe the decrease in 
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dynamic modulus with increase cycles of 
stress as shown in Fig. 21. 

The authors did not observe evidence 
of overheating in the interior of speci- 
mens which were cooled during fatigue 
testing. 

With reference to Mr. Dolan’s com- 
ments, the curve shown in Fig. 20 was 
faired in at random. The data were not 
sufficient to justify the use of the method 
of least squares. A better correlation 
would not be obtained using this method. 
The basic assumption usually made with 
the method—that a normal distribution 
of the errors exists—is violated by the 
data of Fig. 20. 

Additional data of temperature rise 
during fatigue testing are available in 
reference 2. Temperature records were 
not made for all specimens plotted in 
Figs. 16 and 17. The tests were conducted 
either without or with a coolant spray 
which was maintained at room tempera- 
ture. 
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We do not concur with Mr. Dolan that 
the fatigue data at high stress levels — 
should diverge because of the different 
rates at which heat is dissipated. At 
either 1800 or 10,000 rpm the heat gen- 
erated at high stress levels is so great 
that it cannot be dissipated without 
cooling. The thermal softening that 
occurs at either testing speed tends to 
produce the same detrimental effect on 
the fatigue life, with the consequent con- 
verging data as indicated in Fig. 20. We 
have shown from tests conducted on a 
similar titanium alloy Ti-75A® that 
divergence of the fatigue life at high 
stress levels occurs at speeds less than 
900 rpm. Above this testing speed 
specimens not cooled had nearly the 
same fatigue life at high stress levels. 


R.G. Crum and E. D’Appolonia, “Damage 
to Titanium under Repeated Load,” Office Chief 
of Ordnance Research and Development Branch, 
WAL Report No. 401/68-44, Contract No. 
DA-36-061-ORD-362, August, 1954. 
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on the vibratory stresses. 


A method of estimating the safety of 
a part operating under combined biaxial 

_ stresses is needed by engineers designing 
machine parts. The “pure” laws in 
present use do not accurately apply, 

_ unmodified, to all materials. The dis- 

. tortion energy law has been recom- 
mended for isotropic ductile material, 
but it is not reliable for brittle ma- 

- terials such as cast iron. The maximum 
principal stress law works fairly well 

_ for brittle but not for ductile material. 
Investigators have long speculated 

on the possibility that some one of the 
theories of elastic failure under static 
loads might be applied to failures under 
fatigue conditions. The “static” theories 
commonly considered are discussed by 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1Chief Technical Engineer, and Engineer, 
respectively, Technical Section, Curtiss-Wright 


A FAILURE CRITERION FOR MULTI-AXIAL FATIGUE STRESSES* 
By F. B. Sruren' anp H. N. Cummincs! 


SYNOPSIS 


A criterion or relation is developed for predicting fatigue failure in polycrys- 
talline metals subjected to any combination of steady and vibratory multi- 
axial stresses. The theory is founded on the assumption that failure is asso- 
ciated with alternating slip on certain critical slip or shear planes and that 
the critical resolved shear stress governing failure is a linear function of the 
normal stresses on the critical planes. Methods are proposed to allow for the 
effect of anisotropy and also for the effect of steady stresses superimposed 


The theory was tested against 270 S-N curves, covering vibratory bending 
or torsion, alone and accompanied by steady bending or torsion, on smooth 
and on notched specimens, on ductile and on brittle metals. It was compared 
with the distortion energy theory and with the maximum shear theory, and 
it consistently gave the best general fit to the test data. 


Marin (1,? p. 47 et seq.). In this discus- 
sion, Marin transforms the Coulomb 
theory for static failure into a form 
(1, p. 60) that is identical with the form 
piv — APsv = Se (see Appended List of 
Symbols) proposed herein for fatigue 
strength. And he states, in effect, that 
for ductile materials \ = 0.67 is a good 
average value. (See values of \ in Table 
I.) The hypothesis upon which the pro- 
posed criterion for fatigue failure is de- 
veloped is nearly the same as that of 
Coulomb and also of Mohr. Nadai (2) 
quotes Mohr as saying, in 1914, “.. . the 
shearing stress in the planes of slip 
reaches at the limit a maximum value 
dependent on the normal stress acting 
in the same planes, and on the properties 
of the material.” Nadai discusses the 
soundness of Mohr’s theory as applied 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


Corp., Propeller Division, Caldwell, N. J. see p. . 834. Sy 
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to static failure and the “difficulties re- 
garding certain predictions of this theory 
of strength.” Another theory of static 
failure that the proposed fatigue criterion 
resembles closely is that proposed by 
Guest (3) in 1900. With the proper value 
of the material constant in the Guest 
law for static failure, it becomes identical 
with that proposed in this paper. In 
fact, the proposed criterion, as shown 
later in this paper, becomes identical, 
under proper conditions, with one after 
another of several well-known static 
criteria. It is proposed not as something 
particularly new, but as a composite 


Endurance Limit 


° Mean Stress 1-0 
Ult. Tens. 
Strength 


Fic. 1.—Fatigue Strengths of Unnotched 
Specimens Under Combined Uniaxial Stresses 
According to Smith (9). 


Compr.<— | Tension 


relationship that is simple in form and 
easy to apply—and reliable, at least in 
the various fields in which it was checked, 
to within about 5 per cent. The theory 
of failure is developed for the case of 
zero mean (steady) stress only. The 
empirical procedure to allow for super- 
imposed steady stresses is proposed as 
a temporary workable method that can 
be used pending the completion of the 
extension of the theory to this case. 
Although there is a vast amount of 
experimental data on fatigue in the 
literature today, there does not appear 
to be any universal criterion governing 
fatigue failure with the exception, pos- 
sibly, of the Guest law and the distor- 
tion energy law. The distortion energy 
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well with the endurance limits found by 
biaxial fatigue tests, but it does not ap- 
pear to be directly related to the mecha- 
nism of failure in single crystals where 
it has been found that the first evidence 
of distortion is associated with slip on 
certain fixed critical planes. The slip 
theory of distortion in single crystals 
has a certain vectorial connotation, a 
condition that is lost in any energy cri- 
terion of failure. It is thought that a 
general expression for fatigue failure in 
polycrystalline metals might be more 
directly related to the concept of slip 
in single crystals. The relation of slip 


law of failure is known to agree fairly : 


é Fairly Ductile Metals 

o 

Little Sy 
fale a 
26 

Mean Shear Stress 
Shear 


Yield Strength. 


Fic. 2.—Torsion Fatigue Strengths of Un- 
notched Specimens Under Combined Steady and 
—* Shear Stresses According to Smith 


to yielding is discussed by many authors 
(2, 4-8, and others). 

Before stating the hypotheses for the 
theory developed in this paper, certain 
commonly known characteristics in fa- 
tigue will be reviewed. Some years ago, 
J. O. Smith (9) compiled the’ results of 
a number of investigations of fatigue in 
the form of simplified Goodman dia- 
grams. The results of his compilation on 
unnotched specimens are shown in Figs. 
1 and 2. 

The main feature (Fig. 1) to be noted 
for the cases of combined steady and 
alternating uniaxial stresses is that the 
curve of fatigue strengths of ductile ma- 
terials as plotted against the mean stress 
is concave downwards and is fairly flat 


in the compressive range of the mean 
stress. On the other hand, brittle metals 
such as cast irons show curves that are 
concave upwards and have increasingly 
higher fatigue strengths with increasing 
compressive stresses. This indicates that 
brittle metals are highly dependent on 
the magnitude of the mean stress whereas 
ductile materials are only moderately so. 

In tests of combined mean and vibra- 
tory shear stresses (Fig. 2), Smith noted 
that the fatigue strengths of ductile 
materials in shear were approximately 
independent of the values of the mean 
shear stress. The torsional fatigue 
strengths of brittle metals, however, 
decreased with increase in the mean 
shear stress but not so rapidly as in the 
case of uniaxial combined mean and 
vibratory stresses. 

These observations would lead to the 
suspicion that fatigue strength of poly- 
crystalline metals might be dependent 
mainly on a critical vibratory shear 
stress and independent of the steady 
shear stress on this critical plane. The 
critical shear stress appears to be modi- 
fied by the maximum stress normal to 
the critical shear plane. 

The following theory is limited to the 
condition that approximately the same 
volume of metal is tested under the 
various states of stress so that the size 
effect is not involved. The theory is also 
limited to sinusoida] variation of stress 
with time and to the condition that all 
periodic stresses are synchronous and of 
the same frequency. The latter limitation 
is to eliminate the consideration of the 
speed effect factor. 

The development presented in the 
following paragraphs is based on the 
following two hypotheses:3 

1. The fatigue strength of a poly- 


*The same criterion can be developed by 
considering that the material is filled with 
randomly (or preferred) oriented defects such 
as ellipsoid holes and then computing the maxi- 
mum stress at the critical defect. 


crystalline metal is assumed to be pri- 
marily dependent on a critical shear 
stress in fatigue which, in turn, is linearly 
dependent on the maximum stress normal 
to the plane of this critical shear. 

2. The fatigue strength is assumed 
to be independent of the mean shear 
stress on the critical shear plane. 


THEORY 


The assumption that the critical shear 
stress is dependent on the stress normal 
to the critical shear plane is described 
graphically in Fig. 3. (This assumption 
is consistent with the results of Bridg- 
man’s tests (10) showing that under high 


Teo 


== 


Te 
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Fic. 3.—Assumed Relation of Critical Shear 
and Normal Stress. 


hydrostatic: compressions the failure 
strength of metals is measurably in- 
creased.) 

If the vertical intercept is designated 
by 7 and the slope of the line by 5 
(where b is actually negative), the equa- 
tion relating the critical shear stress 
linearly to the maximum normal stress 
is then: 


It has been found that in ductile 
metals the value of d is near zero, whereas 
in very brittle metals it is relatively 
large in the negative sense. 

The Mohr circle shown in Fig. 4 is 
drawn for principal biaxial alternating 
stresses that are out-of-phase, that is, 
the maximum principal stress is tension 


= Teo + 
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(+) and the minimum is compression 
(—). The coordinates of point P on the 
circle represent the shear and the normal 
stress on any plane whose normal makes 
an angle @ with the direction of the maxi- 
mum principal stress. 

It can be seen that these stresses are: 


on = pa + 7 cos 20 ere (2) 
= 7 sin 20 
where: 
Piv + pov — 
Por, = = (5) 


Then by Eqs 1, 2, and 3 the shear on 
any plane is related to the critical shear 
as follows: 


sin 20 
Te Teo + + 7 cos 29) 


For a given set of values of the prin- 
cipal stresses, the critical plane will be 
that which has the highest value of the 
above ratio; it is on such a plane that 
failure first begins. To find the value of 
§ for this critical plane, the maximum 
ratio is obtained by differentiating in 
respect to @ and equating to zero. This 
gives: 


tite (5) 
Ted + bp. 
whence: 
sin 29 = (reo + (br)? gy 


= + bps 


Fic. 4.—Mohr Circle for Out-of-Phase Principal Stresses. 


On substituting this into Eq 2, the 
shear stress on the critical plane may 
then be found. In order that failure 
occur, this latter shear stress must be 
equal to the critical value given by Eq 
1. On making these substitutions it is 
found that: 


T= +, = (7) 


or: 


Piv — pov Ted 


of 


This leads to: 


where: 

= (4+ Vi+e)? 


2re0 


S. = 
Vit 
= + + 08) 
4As pointed out previously Marin (1) de- 


rives the equivalent of Eq 9 directly from 
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é Equation 9 is the criterion of fatigue 

failure when the alternating principal 

stresses are of opposite signs. The con- 

stant in the right member of the equa- 

tion must be the endurance limit of the 

material for pure alternating bending or 

axial loading. The constant, A, is a con- 

stant that is characteristic of the ma- 
terial tested. 

_ In an isotropic material, the constants 

in Eq 9 may be obtained directly from 

_ fatigue tests in pure alternating bend- 

ing and pure alternating torsion. The 

_ right member is simply the endurance 


Fic. 5.—Reference Axes for Location of Criti- 
cal Shear Plane. 


limit, s., in pure bending. In a pure 
torsion fatigue test, the principal stresses 
are equal and opposite and equal to the 
_ shear stress. If +, designates the en- 
durance limit (or fatigue strength for a 
fixed number of cycles) for shear, then 
Eq 9 becomes: 


Te — M— = (11) 


On solving for A: 


This relation gives a simple means of 
obtaining the parameter \ from experi- 
& mental data. 

By substituting Eq 10 into the above, 
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a relation between r, and 7 is obtained: 
Teo 


Since 5 is not usually greater than 
about 0.5 for ductile metals, little dif- 
ference between these two shear values 
(r. and t.9) is involved. The difference 
is caused by the fact that, in pure shear, 
the critical shear plane is not exactly 
the same as that on which the alternat- 
ing shear is a maximum. 

The foregoing analyses are strictly 
applicable only when one principal 
stress is opposite in sign to the other 
when both reach their maximum values 
in the time cycle. When the biaxial 
vibratory stresses are of like sign, a 
different criterion of failure is obtained. 
The following is a more general analysis 
for both conditions. 

Figure 5 represents an orthogonal 
system; the directions of the axes are 
so chosen that the major principal stress 
vector is along the OX-axis and the 
minor principal stress vector is along the 
OY-axis. In the previous paragraphs the 
shear planes considered are those whose 
normals are in the XOY plane. In the 
following analysis, shear planes whose 
normals have all possible directions in 
space will be investigated. A normal to 
one of the shear planes is represented by 
the unit vector, OP, in Fig. 5. This 
vector has the directional angles 8, 8, 
and y. 

The magnitude of the shear stress on 
this plane, as caused by the two principal 
cyclic stresses, piy and poy, can be shown 
to be: 


sin? 29 — 2pry pay cos? 8 cos? B 


2 


Also the stress normal to this plane is: 


on = COS? + poy cos* B..... (15) 


The ratio between the shear stress of 
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of 


Eq 14 and the critical shear stress of 


Eq 1 is: 
2 
7) sin? 20 — poy cos* 


-cos? 8B + (9) sin? 
+ 0 + pry cost p) 


The maximum value of this ratio will 
result in the selection of that shear plane 
which is most critical. The conditions 
for the maximum value of this ratio are: 


Condition 1: 
When fi is opposite in sign to poy: 


— be (7) 
(Same as Eq 5) 


; vy = 90 deg.... 


Condition 2: 

When fiy and p2, have the same sign 
(Pv > pay): 
too + (bpiv/2)’ 

The first condition has already been 
developed and is the condition of failure 
when the biaxial alternating principal 
stresses are of opposite sign. It is seen 
from condition 2 that when these two 
stresses are of like sign, the normal of the 
critical shear plane is in the XOZ plane 
and only the maximum principal alter- 
nating stress governs the failure. When 
these values of 6 and £6 are substituted 
into Eqs 14 and 15, and these latter equa- 
tions are substituted into Eq 1, the 
following relation is obtained: 


2 


cos 20 = B = 90 deg. .(18) 
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On reducing this relation it is found that 
the solution is simply: 


= 2reo (b + V/1 + B) = S....(20) 


(Same as Eq 10) 


In other words, when the applied 
vibratory principal stresses are of like 
sign, the relation for failure reduces to 
the maximum principal stress. 

To summarize, Eqs 9 and 20 are the 
criteria of fatigue failure for biaxial 
stresses, the steady or mean principal 
stresses being zero. 

Equations 9 and 20 may be replaced 
by a single relation in the following 
manner: Since there are three principal 
stresses that are mutually orthogonal 
(although one or two of the three may 
be zero), the stresses may be ordered 
so that the greatest is equal to pry and 
the algebraic least is equal to yy. 

Using this convention, the general 
relation now becomes: 


Relation to Older Criteria: 


Equation 21 is seen to be the same as 
or similar to one or another of the older 
classical laws of failure, depending on 
the value of the parameter, A. The 
various laws and associated values of the 
parameter are listed in the following 
tabulation. The identities are alge- 
braically exact for particular values of 
X as noted, except in the case of the dis- 
tortion energy law where the relation is 
only approximate. (Some of the classical 
laws are discussed by Findley 11.) 


Criterion Condition 
(1) Maximum principal stress law | Biaxial and triaxial stresses 0 
(2) Maximum shear stress law Biaxial and triaxial stresses 1 


(3) Maximum principal strain law 
(4) Gough's elliptic quadrant law 
(5) Gough’s elliptic arc law 

(6) Guest’s law’ 

(7) Distortion energy 


Biaxial out-of-phase stresses 
Combined torsion and bending* 
Combined torsion and bending® 
Biaxial and triaxial stresses 
Biaxial stresses 


= Poisson’s ratio — 
1 


A constant 
Approximately 0.7 


* For explanation of these criteria, see refi 


ce (12). 
When Guest’s “material constant” = — 1}, Guest’s law is the same as Gough's ellip- 


tic arc law (see reference (12)). 
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Since A is a constant that is charac- 
teristic of the material and that may 
have a theoretical value between zero 
and unity, it is not surprising that so 
many criteria have been proposed in the 
past. 


EFFECT OF NOTCHES 


Although the reason is not clear at the 
present time, it has been found that 
Eq 21 is valid for any type of notch sub- 
jected to combined biaxial stresses. In 
this case the principal stresses are the 
nominal values without inclusion of the 
notch reduction factors. However, the 
value of s, depends on the type of notch 
as does the value of X. The criterion for 
failure of notches under biaxial fatigue 


stresses is then: 
Piv — An Pav = (22) 
and 
= (23) 
TeN 
where: 


Sen = endurance limit for notched ma- 
terial as a nominal stress for the 
case of uniaxial (bending) stress, 
and 

Tex = endurance limit for the same notch 
as a nominal stress for the case 
of pure torsion. 


If the notch reduction factors are 
known for the bending and torsion cases, 
then both and may be directly 
computed. 


MOopDIFICATION FOR ANISOTROPY 


In the foregoing theory, it has been 
assumed that the material is isotropic. 
Fatigue tests have in general shown that 
there is a difference between the longi- 
tudinal and transverse endurance limits. 
That in the direction of forging, rolling, 
or extrusion is usually higher than that 
in transverse directions. There is very 
little information in the literature upon 
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which to formulate a mathematical ex- 
pression for the variation of endurance 
limits as specimens, formed at an angle 
6 with the “longitudinal” direction, are 
tested. Since the few tests available indi- 
cate that probably the anisotropy effect 
on endurance limits, while appreciable, 
is not large, it was decided to use the 
cut-and-try method and indicate by the 
subscript @ the quantities that should be 
modified. Equation 21 for combined 
torsion and bending now becomes: 


Piv — Paw Sep... (24) 


where: 


The formula for \, has been modified 
to take into account some change in the 
value of tensile strength in directions 
oblique to the axis of the specimens (as- 
suming the axis is in the direction of 
rolling). However, the shear endurance 
limit is not changed in the formula for 
Xe for the following reason: The values 
of r, used in the formula for A» are from 
tests of pure torsion, in which the in- 
tensity of actual shear along longitudinal 
planes is equal to that along transverse 
planes. 7., then, should be the same for 
“transverse” specimens as for “longi- 
tudinal” specimens, that is, 7.(@ = 0 
deg) = 7.(@ = 90 deg). For intermediate 
values of @ the value of r. may be slightly 
higher, but no experimental data were 
found bearing on the problem (although 
there is some material in the literature 
(13, 14) from which some idea can be 
obtained of the order of magnitude of 
tension anisotropy). Probably if is 
modified for s.9, it ought also to be modi- 
fied for anisotropy in the shear endurance 
limit. At present writing the only way to 
do this is the cut-and-try method. In 
fact, trial computations were made on 
the 29 tests reported by Gough (12) for 
combined stresses on smooth specimens, 


- 
= Sea = (25) 
Te 
fi 


using various values of and of rw. 
Any change in the value of 7.» for @ > 0 
_ deg produced an appreciable increase 
in the scatter (cq) of the values of (py — 
NePsv)/See. What this indicates is not 
clear, unless possibly that there is little 
or no shear anisotropy in Gough’s steel, 
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widely varied conditions. There are 
many sets of test data for simple bending 
or for simple torsion under reversed 
stress. There are a few sources of com- 
bined-stress test data available for 
studying a proposed fatigue criterion. 
By separating the steady stress com- 


TABLE II.—EQUATIONS USED IN COMPUTATIONS FOR TABLE I. 


Eaus- 
Use Equation 
The parameter he = (26) 
-1 
The proposed criterion Div — _ R (27) 
§ Distortion energy theory Vw? — Piv Pav + Pav? (28) 
Ses 
Maximum Shear Theory = Piw— Pw _ p (29) 
Maximum Shear with Findley’s correc- \? (30) 
tion for anisotropy + (=) Ty? 
e R 
See 
For vibratory stresses only. Standard de- R =R (31) 
= viation of R from Rm, in per cent 7 aS 
Steady Stress Factor -s Ro = a+ mpim (32) 
To compute a and m for Eq 32 “a a na + (Zpim)m = TR (33) 
(Zpim)a + (Zpim*)m = 
For steady plus vibratory stresses. =(R — Ro)? (34) 
Standard deviation of R from the line ga = 100 oo 
Ro = a + mpim, in per cent n 


whereas the best results (low oa) were 
obtained for a ratio of S.(@ = 90°)/ 
S.(@ = 0°) = 0.85. Equations used for 
evaluating the scatter are listed in 
Table II. 


COMPARISON OF THE CRITERION 
WITH EXPERIMENTAL FATIGUE DATA 


In order to test a proposed general 
criterion for predicting failure of metals 
in fatigue, it is necessary to have avail- 
able tests of fatigue strength under 


ponents from the total varying stresses 
(and handling them empirically, as 
already indicated), the criterion could 
be tested against points anywhere in the 
tension-compression quadrant, which is 
the only possible quadrant in which 
fully reversed fatigue stresses can occur. 
The report of Gough, Pollard, and 
Glenshaw (12), issued in 1951, provided 
considerable material of the kind needed 
and was made the basis of the first 
studies that led to the final form of the 
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proposed criterion. The material in the 
Gough report was not sufficiently 
varied to completely try out the criterion, 
and it covered only twelve steels and 
two cast irons. The Findley report (11), 
although not so varied in combinations 
of stresses, provided much material on 
an aluminum alloy. Other sources 
provided, in small amounts, tests on 
push-pull or on pulsating loads. All of 
the studies are summarized in Table I. 

Spot checks were made of the dis- 
tortion energy theory, the conventional 
maximum shear theory, and the maxi- 
mum shear theory “corrected for ani- 
sotropy” as proposed by Findley (11). 
(See Table II, Eqs 28, 29, 30.) 

It was found that in comparing 
standard deviations of all tests checked 
by the distortion energy law the average 
standard deviation given by Eq 21 
was 40 per cent as great. Similarly, for 
checks against the maximum shear law, 
Eq 21 averaged 27 per cent as great; and 
for the modified (Findley) maximum 
shear law, Eq 21 averaged 65 per cent 
as great. 

Inasmuch as it is known that in 
fatigue failures the steady stress com- 
ponents of the total stresses produce 
less effect, pound for pound, than the 
vibratory stress components, it was 
decided to separate the two components 
and establish a criterion for vibratory 
stresses alone, and then determine the 
effect of steady stresses when present 
in reducing the fatigue life. The criterion 
was applied to vibratory (reversed) 
stresses, with superimposed steady 
stresses ranging from 0 to the yield 
strength of the materials studied, for 
both smooth and notched specimens, 
and to pulsating stresses on steel and on 
aluminum alloys. The si/eady stress 
reduction factor (@ ++ mpim) was 
adopted as the result of statistical analyses 
of the fit of values of R = (pw — 
NePsv)/S plotted against various func- 
tions of steady principal stresses. A 


fair fit was found with @ + m(fim — 
NePam). A fair fit was also found when the 
component of fim in the direction of 
piv was tried in place of — AoPsm). 
However, the best fit was found when 
the values of R were compared with the 
above mentioned quantity (a + min). 
This is a purely empirical relationship. 
The equations used in the comparisons 
of the criterion with experimental 
fatigue data and with other criteria are 
shown in Table II. 

The largest value of scatter (oa) 
found is 5.6 per cent (Table I, item 29) 
for the proposed criterion. The average 
and maximum scatter, as shown in 
Table I, are as follows: 


Criterion 


‘ Pro- | Maxi- 
tion |mum 
posed | |Shear| Mod 


Smoots SPecimens 


Number of _ items, | 

Average standard devia- 

tion, per cent........ 3.85) 6.6)12.9 
Maximum standard de- 

viation, per cent...... 5.5 

SPECIMENS 

Number of _ items, 

Average standard devia- 

tion, per cent........ 3.5 |13.8] ... | 5.85 
Maximum standard de- 

viation, per cent...... 5.6 |26.0] ... | 7.3 

CONCLUSION 


The proposed fatigue criterion was 
tested against bending, torsion, bending 
and torsion, and tension combined with 
compression. It was tested against 
smooth specimens and notched speci- 
mens, and against various steels, cast 
irons, and aluminums. In all cases the “fit” 
was within the range of experimental 
scatter, at least for such states of stress 
as are covered by the tests considered. 
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Description 
A constant 
A constant 
Modulus of elasticity 
A constant 


The number of test values 

Average of the maximum and minimum 
principal stresses 

Principal maximum steady (mean) 
stress 

Principal maximum vibratory stress 

Principal minimum vibratory stress 
(Eqs 1 to 20) 

Principal minimum vibratory stress 
(except Eqs 1 to 20) 

A ratio 

Endurance limit in plain bending 

Endurance limit in plain bending in 
direction of piv 

Directional angles of the normal to 
any plane 

Angle between direction of rolling or 
forging and direction of fiy 
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APPENDIX 


LIST OF SYMBOLS 


Symbol 


Description 
A coefficient 
A coefficient = (Se9/re) — 1 
Standard deviation, in per cent 
Maximum stress normal to the critical 
shear plane 


Vibratory nominal tensile stress in — 


axial direction at endurance or 
fatigue limit 

Maximum shear stress 

Critical shear stress 


Shear endurance or fatigue limit, in — 


pure torsion 

Critical shear stress in fatigue when the 
normal stress is zero and when no 
other plane is involved 

Shear stress on a plane whose normal 
subtends an angle 6 with the major 
direction 


Vibratory nominal transverse shear at 


endurance or fatigue limit 
Angle with on-axis made by graph o 
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EXPERIMENTS IN FATIGUE UNDER RANGES OF STRESS IN TORSION 
AND AXIAL LOAD FROM TENSION TO EXTREME COMPRESSION* 


Axial-load fatigue tests were performed on SAE 4340 steel at mean stresses 
from 40,000 psi in tension to 135,000 psi in compression (a stress equal to the 
tensile strength). In the extreme compression tests the entire stress cycle was 
a compression stress of 20,000 psi or greater. This was done to determine 
whether fatigue cracks could form and propagate in a cycle containing no 


tensile stresses. 
A technique for doubling the yield 
strated and used in the fatigue tests. 
An experiment was also performed 
whether the large effect of mean stres 
the small effect in torsion were due to 


of the complementary normal stress. 


The effect of range of stress in fatigue 
has been studied by many investigators, 
usually for ranges of stress in which the 
mean stress of the cycle was a tensile 
stress. A summary of the work in this 
area up to 1942 is contained in a paper 
by Smith (1)? and a more recent summary 
is available in reference (2). The results 
of all of these tests indicate that the 
fatigue strength, defined in terms of the 
alternating stress amplitude, decreases 
as the mean stress (or maximum stress) 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Professor of Engineering, Brown University, 
Providence, R. I, formerly Research Associate 
Professor, University of Illinois. 

2? The boldface numbers in parentheses refer to 
the list of references appended to this paper, 
p. 846. 
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SYNOPSIS 


resulting from inelastic action or to other causes. 
A test was made of the same alloy in torsion fatigue to evaluate the influence 
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point in compression was also demons 


on 75S-T aluminum alloy to determine 
s on the fatigue strength in tension and 
the change in structure of the material 


of the cycle increases to higher tensions. 
The rate of decrease in fatigue strength 
with tensile mean stress depends ap- 
parently on the material and varies from 
slight to large with different materials. 

A smaller number of tests have been 
made in which the mean stress of the 
cycle was a compression stress. These 
results were also reviewed by Smith (1) 
and recently by Newmark, Mosborg, 
Munse, and Elling (3). As far as is known 
no previous tests have been performed in 
which the entire stress cycle, including 
the smallest stress of the cycle of stress, 
was a compression stress. Available 
fatigue tests with mean stresses in com- 
pression indicate a slight to large increase 
in fatigue strength with increasing values 


of compressive mean stress. 2 
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Fatigue tests under axial loads in 
which any portion of the stress cycle is 
in compression have always been difficult 
to perform owing to the problem of in- 
suring a uniform stress distribution and 
freedom from buckling. Special testing 
apparatus was designed especially to 
meet this problem and was described in 


(a) Axial tension. 


Se 


= 
diam 
z 
2" rad 
0.14 diam 


2"rad 


FINDLEY ON EXPERIMENTS IN FATIGUE 837 


compression. The residual stresses should 
have the same action in fatigue as the 
mean stresses in an imposed stress cycle 
if the state of stress is the same in both 
cases. Hence, a study of the effect of 
mean stresses should contribute to our 
knowledge of the effect of residual 


stresses. 
0.12"diam t rod 


(b) Axial compression. 


1947 (4). The present series of tests was 
begun in 1949 using this apparatus. 
Another recent attack on this problem 
is described in reference (3). 

The phenomenon of an increase in 
fatigue strength resulting from a com- 
pressive mean stress is of considerable 
importance since it has been observed 
that the fatigue resistance of machine 
parts can be increased considerably by 
producing surface residual stresses in 


(c) Torsion 
Fic. 1.—Fatigue Specimens. 


In a previous paper (5) it has been sug- 
gested that initiation of fatigue may be 
produced primarily by the alternating 
shear stress and that the effect of mean 
stresses may be that of increasing the 
maximum stress of the cycle and thus 
altering the structure of the material by 
yielding and other inelastic action and 
by elastic distortion. It has also been 
suggested in closing discussion of ref- 
erence (2) and reference (6) that the 
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fatigue resistance may also be influenced 
by the magnitude and sign of normal 
stresses on the plane of the maximum 
shear stress and on the plane perpendicu- 
lar to the maximum shear planes. The 
effect of normal stresses like the effect of 
structural change may be different for 
different materials. That is, normal 
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MATERIALS, SPECIMENS, APPARATUS, 
AND TECHNIQUE 

An SAE 4340 steel heat treated to a 
Rockwell hardness of C 25 and a 75S-T6 
aluminum alloy were tested in this 
project. The steel is the same as em- 
ployed and fully described in previous 
work (2,7). The present specimens were 


120000 Mean Stress 
° O psi 
8 40000 psi tension 
10000 25000 psi compression 
Surface Rolled e 220000 psi maximum 
(compression) 
3 Specimen Fig 
a 
€ | | 
Not Stress Relieved 
Specimen Fig. No) 
re 
= 70000 
§ ~ 
60000 Sato 
50000 > 
io Te) Tos 10° 10 
Cycles to Failure 
Ws, 2.—Fatigue Tests of SAE 4340 Steel in Axial Load. *\ 


stresses on the planes of maximum shear 
stress may tend to inhibit slip, if com- 
pression, or make slip easier, if tension; 
and the effectiveness of these normal 
stresses may depend on the nature of the 
atoms involved in the potential slip 
planes, presence of foreign atoms, and 
type of lattice. 

In order to evaluate some of the above 
and other possibilities described later, 
the tests and experiments described 


drawn at a temperature of 1250 F which 
produced the above hardness. The 
75S-T6 aluminum alloy is from the same 
stock described in references (8,9,10). 
Specimens were machined to the 
dimensions shown in Fig. 1 and polished 
in accordance with the procedure out- 
lined in reference (2), considering the 
reduced section of the specimen in Fig. 
1(6) to be a notch. Actually the stress 
concentration factor for this specimen 
was small, 1.13. A portion of the speci- 


H 
i 
=e 
a 
| 
+, 
| 
| 


mens of Fig. 1(a) prepared of SAE 4340 
steel was subjected to a final drawing 
operation at a temperature of 1260 F 
in a vacuum retort in order to relieve 
residual stresses induced by machining 
and polishing. 

The apparatus employed has been de- 
scribed previously both for the axial-load 
fatigue machine (4) and the Krouse 
fatigue machine modified for bending and 
torsion fatigue tests (11). 
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the possible effect of stress gradient, 
present in both bending and torsion 
tests, axial-load fatigue tests were per- 
formed on the same material with a 
Rockwell hardness of C 25, using the 
specimen shown in Fig. 1(a). Tests at 
zero mean stress and at stresses near the 
endurance limit for other values of mean 
stress were made on specimens which 
were given a stress-relief draw in a 
vacuum after machining. The resulting 
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Fic. 3.—Effect of Mean stress on Endurance Limit of SAE 4340 Steel (Rockwell Hardness, C 25); 


The techniques employed in conducting 
these fatigue tests were the same as 
previously described (2,4,5,11,12) except 
as discussed in the following sections. 


The effect of mean stress on the fatigue 


strength of SAE 4340 steel from the 
same stock has been studied at two 
values of Rockwell hardness, C 25 
(7) and C 38 (2). Both tests showed only 
a small decrease in fatigue strength with 
increase in mean stress in both bending 
and torsion tests. In order to minimize 


EFFECT OF MEAN STRESS IN 
AxtAL-LOAD FATIGUE 
TESTS 


S-N diagram for zero mean stress is 
shown in Fig. 2. The scatter in results 
at high stresses cannot be explained 
except in terms of differences in skill of 
two operators. 

Fatigue tests were also performed (a) 
at as high a tension mean stress, 40,000 
psi, as could be applied without continu- 
ous yielding at constant load, and (0) 
at as high a compression mean stress, 
25,000 psi, as the specimen shown in 
Fig. 1(a) could withstand without buck- 
ling or unsymmetrical yielding. These 
S-N diagrams are also shown in Fig. 2. 
The endurance limits from these tests 
are shown as a function of mean stress 
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in Fig. 3. The largest obtainable mean 
stress in tension was only one third of 
the largest nominal mean stress employed 
in the bending fatigue tests (7) and the 
endurance limit was about 15 per cent 
lower. 

It was observed that the endurance 
limit decreased with tensile mean stress 
in the axial-load tests more than in the 
bending tests. 
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might be that the decrease in fatigue 
strength noted in the SAE 4340 steel re- 
sulting from tensile mean stress and the 
increase resulting from the compression 
mean stress are caused by the comple- 
mentary normal stress. This assumes that 
the material is not altered by the maxi- 
mum stresses applied. 

The fact that in torsion tests the com- 
plementary normal stress is zero for all 
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Fic. 4.—Stress-Strain Tests of SAE 4340 Steel in Compression. 


COMPLEMENTARY NORMAL STRESS 


It was considered (2) that the incep- 
tion of fatigue resulted from alternating 
shearing stress and that the resistance 
to fatigue was influenced by the magni- 
tude and sign of the complementary 
normal stress. The resistance to fatigue 
would be increased by compressive values 
and decreased by tensile values of the 
complementary normal stress. Since the 
maximum stress of a cycle can be in- 
creased without changing the alternat- 
ing stress, the complementary normal 
stress in bending or axial-load tests is 
increased by increasing the maximum 
stress (or mean stress) without changing 
the alternating shearing stress. Thus, it 


values of mean stress suggests that the 
mean stress in torsion should have no 
effect if the material is not altered by the 
maximum stresses. For some materials, 
the fatigue resistance in torsion is af- 
fected considerably by mean stress, but 
the SAE 4340 steel is affected only 
slightly. This may mean that the struc- 
ture of this material is not altered much 
by moderate straining. 


FaTIGuE TESTS IN EXTREME 
COMPRESSION 


The indicated influence of the comple- 
mentary normal stress on the resistance 
to fatigue suggests that there may be a 


| 


i { 
+ 
ae. 
| 
| 
| 


value of compressive normal stress which 
would prevent the inception or propaga- 
tion of fatigue cracks if the normal stress 
is high enough. In order to test this pos- 
sibility, higher mean stresses in compres- 
sion were attempted by reducing the 
radius of the test section to successively 
smaller values. In this way, nominal 
compressive stresses as high as 200,000 
psi were sustained, but the large yielding 
which resulted deformed the test section 
unsymmetrically and caused bending 
stresses and an enlarged cross-sectional 
area. Fatigue cracks transverse to the 
cross-section were observed. 

In order to determine the number of 
cycles at which fatigue cracks com- 
menced, the specimen was _ inspected 
with a magnifying glass every 10 min 
at first, then at longer periods as the test 

, progressed. 


Increase in Yield Point by Preloading: 


The problem of distortion of the test 
section by unsymmetrical yielding was 
solved by preyielding the specimen as 
illustrated in Fig. 4. A specimen of the 
shape shown at the left in Fig. 4 was 
loaded in a compression tool by a static 
testing machine until the specimen 
bulged as shown. Loading was continued 
until the load increased very slowly to a 
nominal stress of 250,000 psi. At this 
point the stress based on the actual 
diameter at the bulge was about 150,000 
psi, which was 30,000 psi higher than 
the original yield point. The specimen 
was then unloaded and reloaded for five 
cycles. 

The bulge was then removed by ma- 
chining the specimen to the shape shown 
in the top drawing of Fig. 4. The speci- 
mens was again compressed until well 
beyond the new yield point, then un- 
loaded, and reloaded again for five cycles. 
During this compression, the specimen 
did not yield until 170,000 psi. Following 
this loading, the specimen was machined 
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to the shape used for fatigue tests as 
shown in Fig. 1(0). 
The specimen was mounted in the 
axial-load fatigue machine using a dif- 
ferent type lower grip which introduced _ 
less distortion during clamping than the 
previous grips. This was necessary be-— 
cause the shorter test section did not per- 
mit as much distortion during gripping as 
the specimen of Fig. 1(a). The elastic 
distortion produced was removed by the 
adjustments previously described (4) and 
the specimen was loaded statically, re- 
cording load and deformation as shown 
in Fig. 4. 
This time the specimen did not yield 
until a stress of 220,000 psi was reached. 
This means that the yield point of this 
high-strength steel had been increased 
by cold work from 120,000 to 220,000 psi. 


Fatigue Tests in Compression: 


Specimens prepared in this way were 
tested in fatigue with the results shown 
in Fig. 2 by the plotted points with a 
superimposed «. Some relaxation of the 
load occurred during the first part of 
the test and was corrected by replacing 
the distortion detector (4) and adjusting 
the load periodically. Two of the speci- 
mens which did not fail were tested again 
at a higher stress as indicated in Fig. 2 
by the diagonal arrows. One of the points 
at 100,000 psi alternating stress repre- 
sents one of the earlier tests without pre- 
loading. The stress was actually lower 
than shown because the diameter was 
enlarged by yielding. 

Tests shown by black circles had a 
maximum compressive stress in the cycle 
of 220,000 psi and alternating stresses as 
shown. Thus, the stress cycle always had 
a nominal compressive stress of 20,000 
psi or greater. Hence, no tensile stress in 
the axial direction could be present at 
any part of the stress cycle unless residual 
stresses or peak stresses from some other 
source exceeded 20,000 psi. 
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Fatigue cracks were observed at the 
number of cycles indicated. They were 
transverse to the specimen at the mini- 
mum section. It was observed that these 
cracks started on the surface, progressed 
only to a certain depth, and then ap- 
peared to stop. This depth was observed 
to be from 0.01 to 0.045 in. For speci- 
mens tested at 90,000 psi alternating 
stress and 130,000 psi mean stress, cracks 
were observed at about 2 X 10° cycles, 
and crack depth varied from 0.01 to 
0.025 in. In a specimen tested at the 
same mean stress and an alternating 
stress of 85,000 psi, cracks were observed 
at 2.1 X 10° cycles, and after 1.9 X 10’ 
cycles the crack depth was 0.015 in. 

The endurance limit at this high com- 
pressive mean stress was substantially 
increased as shown in Fig. 3. To test 
whether the yielding itself had sub- 
stantially increased the fatigue strength, 
two specimens given the same preloading 
described above were tested at 90,000 
psi alternating stress and zero mean 
stress. The results shown in Fig. 2 indi- 
cate that there was no marked increase 
in fatigue strength. The Bauschinger 
effect, however, probably influenced 
these results. 

Thus, it may be reasonable to conclude 
that the presence of a high compressive 
value of complementary normal stress 
increases the fatigue resistance and that 
a compressive mean stress at least re- 
tards the propagation of fatigue cracks. 

To test whether the shape of speci- 
men shown in Fig. 1(b) had a substantial 
fatigue strength reduction factor, a speci- 
men of this shape was tested without 
preloading at zero mean stress and 70,000 
psi alternating. The result shown in Fig. 
2 is in agreement with data from the 
specimens of Fig. 1(a). 


Effect of Surface: 


Since the fatigue cracks started on the 
surface, it would be desirable to know 
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what caused this surface weakness. One 
possibility is the slight stress concentra- 
tion in these specimens. This effect would 
presumably cause a larger amplitude of 
stress on the surface and greater maxi- 
mum compressive stresses. These maxi- 
mum stresses might be blunted by yield- 
ing so that on unloading elastically the 
minimum stress of the cycle would be a 
smaller compression on the surface than 
the center and possibly, but not likely, 
even slightly tensile. 

Both of these factors would tend to 
produce surface weakness. In addition it 
was suggested in an unpublished memo- 
randum that surfaces may be weaker 
than center material because the ends 
of some potential slip planes which termi- 
nate at a surface are less restrained than 
those in the interior, since slip of the 
latter is inhibited by neighboring grains 
on all sides. This explanation may also 
be responsible for the even greater fatigue 
weakness of corners, since in this case 
two sides of some potential slip planes 
are exposed and less restrained. 

Thus, it was considered that the initia- 
tion of fatigue cracks under the compres- 
sion range of stress might consist of re- 
peated slip in surface grains where the 
resistance to slip was the least. This local 
slip might alter the geometry so as to 
relieve locally the compressive normal 
stress on these planes and permit cracks 
to appear on slip planes. An explanation 
for the propagation of cracks on planes 
having only compressive stress is not 
available except through the postulation 
of microresidual stresses of large magni- 
tude and tensile sign. 

It seemed desirable, in view of the 
above, to try to determine whether 
fatigue cracks could start in the interior 
under high compressive mean stresses if 
the surface cracks were suppressed. It 
seemed unlikely that cold working the 
surface would be a successful method 
after the precompression the specimens 
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received, but no other method of 
strengthening the surface was available. 
To cold roll the surface a tool was de- 
veloped to roll the test section of the 
specimen shown in Fig. 1(6) simultane- 
ously on opposite ends of a diameter. 
This means was employed to prevent 
distortion of the specimen. 

Two specimens preloaded as described 
above except for the last loading were 
rolled on the surface at loads calculated 
to produce yielding to a depth of about 
0.007 and 0.008 in., respectively, and 
then tested in fatigue at stresses of 
220,000 psi maximum stress and 100,000 
psi alternating stress each, as shown in 
Fig. 2. These specimens appear to have 
been no stronger and possibly weaker 
than the specimens tested without sur- 
face rolling, and surface cracks were not 
suppressed. Strangely, the specimen with 
the larger cycles-to-failure had a low 
hardness reading. 


INFLUENCE OF MEAN STRESS 
AND YIELDING 


In order to evaluate how much of the 
change in fatigue strength with mean 
stress was due to the mean stress alone 
and how much was due to the yielding or 
other structural change resulting from 
the maximum stress, the following tests 
were performed on the SAE 4340 steel. 
Four specimens of the type of Fig. 1(a) 
were first given an initial tension stress 
of 100,000 psi, then stretched to twice 
the elongation in 2 in. at 100,000 psi. 

Two of the specimens were then tested 
at a mean stress which caused the maxi- 
mum strain to be 2 per cent less than the 
maximum prestrain and an alternating 
stress of 65,000 psi. The other two speci- 
mens were tested at zero mean stress and 
an alternating stress of 65,000 psi. Speci- 
mens from the first group failed at 6000 
and 10,000 cycles; those from the second 
group at 31,000 and 25,000 cycles—not 
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much difference. The sample size, how- 
ever, was small. 

The results indicate a small decrease 
(about 8 per cent) in fatigue resistance 
with increase in mean stress and a larger 
decrease (about 15 per cent) in fatigue 
strength at zero mean stress resulting 
from the prestraining. 


This study was extended to 75S-T6 
aluminum in order to provide data from 
a material in which the influence of 
tension mean stress was pronounced (13). 
In this experiment fatigue tests were 
performed on the axial-load fatigue 
machine. The specimens tested were 
given one of the following static loadings 
prior to fatigue testing: 


Type A preload.—None. 

Type B preload.—Stretched into the yield 
range until a stress of 78,200 psi was reached, 
then unloaded as far as the minimum stress 
to be used in the particular fatigue test. 

Type C preload.—Stretched into the yield 
range until a stress of 78,200 psi was reached, 
then unloaded to the compressive stress en- 
countered in a test at zero mean stress, then 
reloaded to 78,200 psi, and cycled twice 
between these two loads. 


The following fatigue tests were per- 
formed: (a) tests at zero mean stress of 
specimens having no prior load history, 
(b) tests at a high mean stress in tension 
of 60,000 psi and type B preload, (c) 
tests at a high mean stress of 60,000 psi 
and type C preload, and (d) tests at a 
mean stress of zero and type C preload. 
The tests were planned so as to produce 
results of at least three tests at the same 
alternating stress the average-log N of 
which was about the same for tests (a), 


(c), and (d). Thus, the fatigue strength — 


for the three series of tests could be com- 
pared at the same number of cycles. The 
results are shown in Fig. 5. 

It was observed that the fatigue 
strength at 3 X 10® cycles was reduced 
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Type of stress 
preload Zero High 
ae A 
34000 a + 
Cc ° > 
30000 
26000 
22000 4 o— 
fe) 
1g8000 
+ ° 
14000 +> +> 
10000 
10° 10° 10° 10" 10 


Alternating Shearing Stress Amplitude, psi 


Cycles to Fracture 


Fic. 5.—Fatigue Tests of 75S-T6 Aluminum in Axial Load with Tension Mean Stress. 
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Fic. 6.—Fatigue Tests of 75S-T6 Aluminum in Torsion. 
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by 30 per cent by the preloading alone 
and 60 per cent by the preloading and 
mean stress combined. Type B preload- 
ing appeared to give much the same re- 
sults at high mean stress as type C pre- 
loading. 

These results indicate that both struc- 
tural change resulting from the maximum 
stress and the mean stress itself are in- 
fluential in reducing the fatigue strength 
under axial loads when the mean stress 
is increased. 


INFLUENCE OF COMPLEMENTARY 
NorRMAL STRESS 


As indicated above, the complemen- 
tary normal stress is zero for all values of 
mean stress in torsion. If the comple- 
mentary normal stress was the factor 
which caused the variation in fatigue 
strength with mean stress in axial load 
tests, then torsion tests shouid be useful 
to evaluate this possibility. 

A series of torsion tests was performed 
on 75S-T6 aluminum following the same 
plan as outlined above for the axial load 
tests of this alloy except that type B 
preload and fatigue tests (6) were 
omitted. The value of the high mean 
stress employed in the torsion fatigue 
tests was 18,000 psi. 

The results of the torsion fatigue tests 
are shown in Fig. 6. It was observed that 
the fatigue strength in torsion at 5 X 10° 
cycles was reduced 4 per cent by the pre- 
loading alone and 11 per cent by the pre- 
loading and mean stress combined. 

Comparing these results with those 
from the axial load tests, it is evident 
that the complementary normal stress 
has a considerable influence on the re- 
duction of fatigue strength by structural 
change under the maximum stress of the 
cycle and also on the reduction of fatigue 
strength by the mean stress of the cycle. 

From the above it may be postulated 
that the observed improvement of the 
fatigue strength in torsion resulting from 
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shot peening probably results from the 
following causes: (a) Introduction of 
bi-axial residual compressive stresses 
which result in compressive normal 
stresses being present on all planes of 
principal shear stress in the surface of the 
torsion bar. Thus the stress state is 
changed from that for simple torsion to 
one more nearly like that for axial load | 
(or bending). The normal stresses acting 
on ihe principal shear planes tend to 
raise the fatigue strength of the surface © 
layers. (b) Material strengthening result- 
ing from plastically deforming the ma- 
terial in compression under the action of 
shot peening. While there is not much 
evidence on this point, it consists of the 
facts that: tensile plastic deformation 
reduces the fatigue strength as shown in 
Fig. 5; and plastic deformation in com- 
pression increases the fatigue strength, 
if it affects it at all, as shown by the 
two tests reported in Fig. 2. 
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CONCLUSIONS 


1. At moderate values of mean stress 
(both tension and compression) the 
fatigue strength of SAE 4340 steel de- 
creased slightly as the mean stress was 
changed from compression to tension. 

2. At high compressive mean stress 
the fatigue strength increased substan- 
tially, fatigue cracks initiated at the 
surface progressed to a certain depth 
and stopped even though the stress cycle 
never had a compressive stress less than 
20,000 psi. 

3. The extreme compression speci- 
mens were produced by preyielding the 
specimen, machining off the bulge, and 
reloading. By this process, the yield 
point was nearly doubled. 

4. Surface rolling of preyielded speci- 
mens did not appear to have influenced 
the fatigue strength in compression. 

5. Both structural change resulting ; 


from the maximum stress of a cycle and 
the mean stress itself were found to 


| 
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influence the fatigue strength of SAE 
4340 steel and 75S-T6 aluminum. 

6. The complementary normal stress 
was also found to be an important factor 
in fatigue of both materials. 

7. Other observations and conclusions 
are discussed in the text. 
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Mr. J. T. Ransom.'—There has been 
a great deal of publicity about the bene- 
fits in resistance to fatigue to be obtained 
by introducing compressive residual 
stresses into machine parts by means of 
cold-working the surfaces. I do not think 
anyone will deny that the process of shot 
peening or otherwise cold-working the 
surface does improve performance. How- 
ever, I do not feel that anyone has yet 
proven conclusively that residual com- 
pressive stresses are the entire reason for 
that improvement. It is gratifying to find 
someone carrying out an experimental 
investigation of this subject. 

To me the increase in safe range of 
alternating stress as the mean stress was 
made more compressive—which Mr. 
Findley has found—is not comparable to 
the degree of improvement obtained in 
practice by the use of surface-working 
treatments. Therefore, I believe there is 
more to this surface-working phenom- 
enon than merely the introduction of re- 
sidual stresses. 

At duPont, D. L. Macleary and the 
writer have started a program of axial 
load testing similar to that reported by 
Mr. Findley, and our results to date 
parallel his in most ways. Perhaps a 
preliminary report at this time would be 
of interest. 

We are using SAE 4340, heat-treated 
to a hardness of Rockwell C 28, as did 
Mr. Findley. However, our specimens 
are taken with the specimen axis trans- 
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verse to the forging direction. Because 
of the anisotropy existent in forgings, the 
fatigue limits found on these specimens 
could be as much as 50 per cent lower 
than those reported by Mr. Findley for _ 
longitudinal specimens. The axial-load 
tests are carried out on a Sonntag SF- 
10-U fatigue machine, using gripping 
fixtures which have been shown by cali- 
bration tests to produce less than 2 per 
cent extraneous bending stresses in the 
specimen. Three series of tests are in 
progress. The minimum stress of the 
cycle is fixed at 0, —50,000, or — 100,000 
psi, respectively, in each of the three 
series of tests, and the fatigue limit is 
measured as the safe range of stress 
possible with these minima. The case of 
a minimum stress of zero results in ten- 
sion stress throughout the cycle; the case 
of a minimum siress of —50,000 psi was 
expected to result in a nearly reversed 
stress test at the fatigue limit, while the 
case of the minimum stress at — 100,000 
psi was expected to result in a stress 
range almost wholly compressive at the - 
fatigue limit. 
The results to date are incomplete but 
do indicate that the safe range of stress 
may be increased by as much as 50 per 
cent in going from repeated tension to 
almost repeated compression. A few pre- 
liminary tests showed that in the case 
of repeated stresses wholly within the 
compressive range, it was necessary to 
exceed the nominal tensile yield strength 
(115,000 psi) of the steel by about 15 per 
cent before fatigue cracks were initiated. 
The cracks then formed on 45-deg planes. 
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As an interesting sidelight, the re- 
peated axial tension tests gave the same 
fatigue limit (70,000 psi) as was obtained 
by using repeated bending tests. It is our 
opinion that repeated axial tension tests 
usually result in lower fatigue limits than 
do repeated bending tests because of lack 
of alignment in the axial fixtures. 

I should like to ask Mr. Findley two 
questions to which I am sure he has al- 
ready given much thought. First, how 
does he know that the tests were truly 
axial and did not have unknown bending 
stress superimposed? In particular, the 
specimen which was remachined after 
several compressive loadings has a very 
small test section and would appear to 
be very susceptible to errors in align- 
ment. Second, in the preloaded specimens 
which were remachined, does he feel that 
the residual stresses introduced by the 
nonuniform deformation and the ma- 
chining operation were insignificant or 
how might they have influenced the 
results? 

Mr. Georce Goun.?—Figure 3 shows 
the effect of variable compressive mean 
stresses on the fatigue strength. One 
point way out to the left represents a 
very high mean compressive strength 
which the author stated, in explaining 
Fig. 4, was obtained by compressing a 
test specimen beyond the point of 
permanent plastic deformation and then 
machining off the excess material. 

Now the curves shown in Fig. 4 indi- 
cate a very marked effect of such plastic 
deformation on some of the physical 
properties, notably the yield strength. 
It is obvious that the fatigue strength 
was probably affected, too, and it seems 
to me that it is rather unfair to treat a 
point obtained from plastically deformed 
‘material as part of the same group of 
‘specimens as those which had no such 
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plastic deformation. In other words, if 
the specimens used had all been plas- 
tically deformed and then machined be- 
fore testing, then all of the tests would 
have been made on the same material 
and the author would be justified in 
making a comparison of the various test 
results. 

Most of our own work has been con- 
fined to non-ferrous materials, and one of 
the ways for obtaining better fatigue 
properties is plastically to deform or cold- 
work the materials. With such cold-work- 
ing an improvement of 40 to 50 per cent 
in fatigue strength is possible. Therefore, 
it seems to me that in this particular 
case Mr. Findley may be comparing two 
materials which are not essentially the 
same. If so, the comparison is not war- 
ranted. 

Mr. GeorcE Srines.*—I compliment 
Mr. Findley on his clear presentation of 
the factors at work when static and alter- 
nating stresses are superimposed and on 
the development of the techniques for 
fatigue testing in the compressive range. 

At the University of California at Los 
Angeles,‘ we also came to some conclu- 
sions similar to those presented here, 
that is, that the fatigue failure is caused 
by the alternation of shear stress and 
that static stress influences the permissi- 
ble alternation by the action of its normal 
components. The generalization may be 
refined by using the octahedral shear 
stress instead of the simple shear stress, 
because this averages the effects over 
many slip planes of the polycrystalline 
material.® The applicability may also be 


3 Assistant Professor, Institute for the Study 
of Metals, The University of Chicago, Chicago, 
Ill. 

‘George Sines, “Failure of Materials Under 
Combined Repeated Stresses with Superimposed 
Static Stresses,” Report 54-9, University of 
California, Nat. Advisory Comm. Aeronautics 
Contract NAw-6161, Jan., 1954. 

5G. Sachs, “Zur Ableitung einer Fliessbe- 
dingung,”’ Zeitschrift des Vereines deutscher In- 
genieure, Vol. 72, p. 734 (1928). 
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extended by replacing the “comple- 
mentary stress,” defined by the author 
to be the static normal stress on the 
plane of maximum shear, by the sum of 
the orthogonal static normal stresses. 
Tests on the effect of static torsion on 
alternating bending*:’ show no effect of 
the torsion on the bending fatigue until 
the yield is exceeded. For this case the 
complementary stress is not zero and an 
effect would be predicted. However, let 
us look at the sum of the orthogonal 
static normal stresses for this case. Al- 
though the sum is independent of the 
coordinates, we will choose them so that 
one is the complementary stress, the 
other is normal to the free surface, and 
the third orthogonal to the other two. 
When static torsion is added to alterna- 
ting bending of a circular shaft, the nor- 
mal stresses resulting from torsion alone 
on the planes of maximum shear stress 
for bending alone are equal in magnitude 
but opposite in sign, while the third nor- 
mal stress (normal to the surface) is zero 
for both bending and torsion. Thus the 
sum of the three normal stresses added 
as a result of the static torsion is zero. 
Hence the sum of the three normal 
stresses for alternating bending plus 
static torsion is the same as for alternat- 
ing bending alone. Thus the observed 
independence of the static stress is pre- 
dicted for this case. Further examination 
would show agreement with the effect of 
axial compression or tension and the 
effect of static torsion on alternating 
torsion. 

Possibly the dependability of existing 
data does not warrant such refinement; 
however, I hope speculation may en- 
courage more fatigue testing with the 
same precision used by Mr. Findley. 

6. C. Lea and H. P. Budgeon, “Combined 
Torsional and Repeated Bending Stresses,” 
Engineering, London, Vol. 122, p. 242 (1926). 

7 Akimasu Ono, “Fatigue of Steel Under 
Combined Bending and Torsion,’? Memoirs of 


the College of Engineering, Kyushu Imperial 
University, Japan, p. 117 (1929). 
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Mr. W. N. FInpDLey (author’s closure). 


—These helpful discussions are appreci- 
ated. I am in general agreement with Mr. 
Ransom’s remarks. It is gratifying to 
note that fatigue cracks developed at 45 
deg in Mr. Ransom’s tests of SAE 4340 
steel under compressive mean stress. I 
had expected such a mode of fracture but 
observed instead only transverse cracks. 
The bending fatigue tests of the SAE 
4340 steel which I tested had an endur- 
ance limit of 67,000 psi, at Rockwell C 25, 
which was 14 per cent higher than the 
axial load tests. 


It has been my opinion that lack of 


alignment in axial load tests would 
produce lower fatigue limits when the 
misalignment caused fluctuating bend- 
ing or twisting, but only a slight effect, 
depending on the material, when the 
bending or twisting was steady. I have 
also felt that a lower fatigue limit should 
be expected in axial load tests because 
fatigue cracks developing at the surface 
involve slipping along a finite plane in 
certain crystals. Since these planes ex- 
tend below the surface of the material, 
the average stress on these planes will be 


less in bending than in axial load tests — 


for the same surface stress. Thus, I would 
expect a lower fatigue strength in axial 
load tests. 

In response to Mr. Ransom’s ques- 
tions, I do not of course know that the 
tests were absolutely axial. Bending and 
twisting deformations were detected and 
removed by means of apparatus described 
in reference (4) of the paper. The absolute 
precision of this method is not known. I 
think it is better than could be obtained 
with strain gages on the small specimens 
employed. One indication that the 
stresses were uniform across the section is 
that the depth of penetration of the 
cracks in the extreme compression tests 
was uniform around the periphery. If 
bending stresses were present, I would 
expect nonuniform penetration. 
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The method of preparation of the pre- 
compressed specimens was especially se- 
lected to minimize macro residual 
stresses. From the absence of warping 
during the machining and the large pro- 
portion of material removed during 
machining, I feel that significant macro 
residual stresses were absent. Micro 
residual stresses were probably present 
and significant, however. In other words, 
there is probably a very rapid change in 
residual stress across the grains but not 
across the section. 

In criticizing the paper for comparing 
results of tests of materials having re- 
ceived plastic deformation with those 
which had not, I believe Mr. Gohn has 
misunderstood the paper. It was recog- 
nized that any mechanical test changes 
the material during the test. So one of 
the purposes of the paper was to discover 
how much of the effect of large static 
stresses on the fatigue strength was due 
to stressing and how much to change in 
_ the material resulting from yielding. 

Mr. Sines’ kind remarks are very 
= appreciated. In his discussion Mr. 


Sines suggested that the theory be re- 
fined by using the octahedral shear stress 
instead of the principal shear stress. In 
other papers,» * I have discussed the 
applicability of the octahedral shear 
: stress to fatigue. It is my opinion that it 
is not the most applicable theory since 
J fatigue failure is a very localized phe- 
nomenon initiating on specific planes of 
, particular crystals. Thus in a poly- 
_ crystalline material one would expect the 
4 -maximum shear stress to be the signifi- 
cant stress, not some lesser or average 
8 W. N. Findley, ‘““Combined-Stress Fatigue 
Strength of 76S-T61 Aluminum Alloy with Su- 
perimposed Mean Stresses and Corrections for 
Yielding,” Technical Note No. 2924, Nat. Ad- 
_visory Comm. Aeronautics, May, 1953. 
} *W. N. Findley, “Effect of Range of Stress 
on Fatigue of 76S-T61 Aluminum Alloy Under 
_ Combined Stresses Which Produce Yielding,” 
Journal of Applied Mechanics, Vol. 20, No. 3, 
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value, such as the octahedral shear 
stress. In this respect I consider fatigue 
to be different from general yielding or 
creep, in both of which the observed 
behavior is the average effect of actions 
on many planes in many crystals. 

The suggestion of the sum of the 
orthogonal static normal stresses as a 
modifying parameter is interesting. As 
indicated previously,’® I consider that 
the two normal stresses lying in the plane 
of the principal shear stress and normal 
to the planes of lesser principal shear 
stresses probably influence the ability 
of the material to resist fatigue failure. 
However, in my opinion the effect of 
these two normal stresses would be a 
second or third order effect. I do not see 
how they could influence fatigue resist- 
ance to the same degree as the comple- 
mentary normal stress—which would be 
the case if the sum of the orthogonal 
static normal stresses proposed by Mr. 
Sines was the significant modifying 
stress. 

The conclusions of Lea and Budgeon® 
and Ono,’ that static torsionsuperimposed 
on alternating bending show no effect of 
the torsion until the yield is exceeded, are 
cited by Mr. Sines in support of the 
proposed theory. In this connection it 
may be instructive to examine another 
series of tests of this type by Gough." 
These tests were conducted on a high 
nickel-chromium-molybdenum steel heat 
treated to 130,000 psi tensile strength. 
Tests were conducted in reversed bending 
with superimposed static bending in one 
instance and superimposed static torsion 
in another. In the latter tests the stresses 

10 W. N. Findley, F. C. Mergen, and A. H. 
Rosenberg, “The Effect of Range of Stress on 
Fatigue Strength of Notched and Unnotched 
SAE 4340 Steel in Bending and Torsion,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 53, p. 
768 (1953). (See author’s closure on p. 788.) 

1H. J. Gough, “Engineering Steels Under 


Combined Cyclic and Static Stresses,” The En- 
gineer (London), Nov. 11, 1949, p. 540. (See 
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applied did not exceed the static upper 
yield point at the endurance limit. In the 
former tests only the largest static bend- 
ing stress caused stresses above the yield 
point. 

In Gough’s tests it was observed that 
the alternating bending stress at the 
endurance limit decreased slightly with 
increase in applied static stress—whether 
bending or torsion. The decrease was 
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torsion case and increases in the static 
bending case to as much as 138,000 psi; 
yet for both static bending and static 


torsion the endurance limit decreased 


with increase in mean stress. 

The above analysis of Gough’s data 
would seem to support the complemen- 
tary normal stress theory. It remains then 


torsion. Of course it remains nearly con- 
stant at about 70,000 psi for the = : 
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Meon Stress 
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70 000 }—® 000 psi 
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Cycles to Failure 
Fia. 7.—Fatigue Tests in Bending of SAE 1020 Steel. 


about 7 to 8 per cent for stress values 
which did not produce yielding. If the 
complementary normal stresses are com- 
puted from Gough’s data, it is observed 
that the reduction in the endurance limit 
corresponding to the complementary 
normal stress is in nearly the same pro- 
portion whether the normal stress is 
produced by static bending or static 
torsion. On the other hand the sum 
of the three normal stresses correspond- 
ing to about the same reduction in en- 
durance limit differs considerably be- 
tween the tests having superimposed 
static bending and superimposed static 


to explain the data of Lea and Budgeon 
and Ono. 

The data of Lea and Budgeon show 
that the addition of a static twisting 
stress to reversed bending stresses first 
causes a slight increase in endurance 
limit for nominal twisting stresses up to 
50 per cent above the yield stress, fol- 
lowed by a marked reduction at higher 
stresses. A nickel steel (apparently in the 
annealed condition) showed a constant 
endurance limit with increase in static 
torsion followed by a marked reduction 
in endurance limit at nominal torsion 
stresses well above the yield point stress. 
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An examination of these data shows that 
the principal shear stress resulting from 
the combination of loadings was above 
the yield point of the material for all 
values of superimposed static torsion 
employed. Also the nominal stresses re- 
ported for the highest static torsion on 
the 0.28-in. diameter specimens would 
have caused very large plastic strains in 
these soft steels. 

Another observation of significance to 
the present discussion is that the planes 
of the maximum principal shear stress 
resulting from the combination of bend- 
ing and torsion loads, and hence the 
planes on which the greatest slip would 
occur during yielding, are different from 
the planes of principal shear stress re- 
sulting from the alternating bending. 

In the light of the above observations, 
it may be that the data of Lea and Bud- 
geon result from the following: The 
superimposed static torsion produces an 
increase in the complementary normal 
stress on planes of alternating principal 
shear stress. This, as in Gough’s tests, 
produces a tendency toward a lower 
resistance to fatigue. At the same time 
_ yielding is produced in the tests reported 

by Lea and Budgeon on other planes as 

explained above. This yielding may have 

a work hardening effect for small strains 
whose strengthening effect on fatigue of 
the material may slightly exceed the 
weakening effect of the normal stress. 
At the large twisting strains produced by 
the higher static torsion, the material 
may have been damaged by introduction 
of micro cracks, resulting in reduced 
fatigue resistance, especially under the 
influence of the higher normal stresses. 
If the above explanation is accepted, 
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one may then ask why do superimposed 
static bending stresses not produce the 
same effect in these materials, namely an 
increase in endurance limit. The explana- 
tion seems to me to be that plastic yield- 
ing on planes which intersect planes of 
alternating principal shear planes pro- 
duce increased resistance to fatigue on 
the latter planes, whereas plastic yielding 
on the same planes as the planes of al- 
ternating principal shear stress does not 
increase the resistance to fatigue or at 
least not to the same degree. 

It has also been observed” that the 
endurance limit of SAE 1020 steel in 
bending does not decrease more than 3 
per cent with increase in superimposed 
static bending for nominal stresses as 
much as 24,000 psi, as shown in the ac- 
companying Fig. 7. This is in opposition 
to the axial load fatigue tests on the 
Haigh machine for mild steel cited by 
Lea and Budgeon (source not given) in 
which the endurance limit was shown to 
decrease by about 50 per cent with a 
static tension stress equal to the propor- 
tional limit. 

The data reported by Ono is not avail- 
able to me at present. It is reported, how- 
ever, to be concerned with mild steel and 
to agree with the results reported by Lea 
and Budgeon. 

In view of the above analysis, I feel 
that the normal stress acting on planes 
of alternating principal shear stress is 
likely to be the most important stress 
parameter causing changes in fatigue 
resistance of metals. 


12 W.N. Findley, Unpublished data on fatigue 
of SAE 1020 steel under combined bending and 
torsion with superimposed mean stresses. 
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_ A SIMPLIFIED STATISTICAL PROCEDURE FOR OBTAINING 
DESIGN-LEVEL FATIGUE CURVES* 


By E. H. Scavette! 


The scatter inherent in most fatigue results makes multiple testing a 
“must” if suitable design stress levels are to be established. This same 
scatter, however, makes multiple testing an exceedingly tedious and time- 
consuming operation. The author suggests a procedure that will provide 
design-level curves with only a fraction of the testing time required for 
obtaining complete statistical data, and without mathematics. mind : 

5 


SYNOPSIS 


tions of the method are provided by use of a large volume of simulated 
fatigue data, obtained in a novel manner. 


q < 


An increasing number of laboratory 
fatigue investigations in recent years 
have made clear the statistical nature of 
fatigue life. It has become evident that 
testing of only a few specimens is an 
inadequate means of establishing suit- 
able design stress levels, or even for 
making comparisons between materials. 
On the other hand, the use of large 
numbers of bars has so far been a tedious 
and time-consuming operation, requiring 
a knowledge of statistical mathematics 
and fraught with many difficulties. 

Perhaps the major difficulty arises 
when some of the test failures at a given 
stress level do not occur within the 
maximum practicable time for which a 
test can be continued. These “run-outs” 
represent bars of unknown fatigue life, 
it being known only that the lives exceed 
some given value. Hence they are not 

* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 


1 Metallurgical Laboratories, The Dow Chem- 
ical Co., Midland, Mich. 


amenable to inclusion in any simple 
statistical analysis. Some investigators 
have simply ignored the run-outs, and 
treated the remaining points as a com- 
plete statistical sample (1).2 Others, 
dealing with similar problems and 
desiring a more rigorous approach, 
have utilized truncated-distribution anal- 
ysis (2, 3, 4, 5.) In each case, however, 
the analysis has required that certain 
basic assumptions be made regarding 
the character of the frequency distribu- 
tion of the underlying population from 
which the sample is drawn. 

On the one hand, then, we have the 
time-honored procedure that consists 
of testing a relatively small number of 
specimens to determine an approximate 
mean curve; this procedure provides no 
real knowledge of the scatter that can 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 864. 
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be expected and consequently can be 
used in design only if modified by a 
liberal “factor of ignorance.” On the 
other hand we have statistical methods 
capable of extracting maximum value 
from repetitive test data, but totally 
unsuited to the production of the high 
- volume of results required of the usual 
industrial laboratory. The need for a 


Fic. 1.—Assumed Frequency Distribution of 
the Variable, «. 


_middle-of-the-road approach is clear. 
To be most useful, such an approach 
"should have the following characteristics: 
1. It should be suitable for use by the 
average laboratory technician, without 
special training in advanced mathe- 
matical methods. 
2. It should require little more actual 
testing time than present small-sample 
procedures. 

3. It should result in a curve that has 
a definite meaning of significance to a 
designer. 

The author proposes in this paper a 
method that meets in a high degree all 
three of these requirements. 


DESCRIPTION OF THE METHOD 


The proposed method is based on the 
obvious fact that if four nominally 
identical specimens are tested simul- 
taneously under essentially identical 
_ conditions, that specimen having the 

least life potential will fail first. If, at 
this point, the remaining tests are 
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stopped and the specimens discarded, 
considerable testing time will be saved 
over that required to run all of the tests 
to completion. At the same time, the 
single data point obtained, which will 
henceforth be called a “least-of-four” 
value, possesses significance far greater 
than a point taken from a single, in- 
dependent test. It will be shown in the 
next section that a curve obtained from 
a series of least-of-four points is a curve 
that approximately 84 per cent of any 
future tests of the same material can be 
expected to exceed. It is this fact that 
makes the curve more suitable for 
design purposes than is the conventional 
mean curve. 


VALIDITY OF THE METHOD 


Assume the possible values of some 
variable, x, to be distributed between 
M and N, with the relative probability 
of occurrence of each value given by 
some function, as shown in Fig. 1. 
Because the probability that any value, 
drawn from this assumed population 
of values, will lie between M and N is 
unity, that is, a certainty, it is funda- 
mental that the total area under the 
distribution curve is unity. Similarly, 
the probability that any value drawn 
will lie between x, and JN, that is, will 
be greater than x, is equal to the area, 
A, lying under the curve to the right of 
x, (see Fig. 1). This area is some value 
less than unity. It follows also that the 
probability that four consecutive values 
drawn from this population will all 
exceed %, is equal to A‘. 

Now if the four consecutive values all 
lie to the right of x, then the least-of- 
four value is to the right of x; and if 
all four do not lie to the right of m, 
then the least-of-four value is to the 
left of x. The condition that would make 
x, the median of a large sampling of 
least-of-four values is that the probability 
of four consecutive individual values 
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falling to the right of x, be precisely 
3, because this condition’ dictates that 
half the least-of-four values will lie to 


Frequepcy Per cent 
Distribution Exceeding 
of Original Mean of 

& Population 

80.0 


79.0 


84.6° 
(Normal) 


the right of x; and half to the left. Thus 
if x; is the median of least-of-four values, 
At =} 
A = 0.8409. 
From this it is seen that approximately 
84 per cent of the population sampled 


lies to the right of the median of least- 
of-four values. This conclusion is arrived 


“Leost-of-Fours” (Orig.) (Least- in 
“Least-of-Fours” =Korig -q0orig) 
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at without imposing any limitations 
whatever on the nature of the original 
frequency distribution. 


Per cent 
Reduction 


q 
(Mean of 


of-four) Scatter 


1.04 S77? 4 

wh 

€, 

= 

| 
1.08 408 .266 35 © 


0.94 472 198 58 

1.04 448 .278 38 

1.039 -,500 .351° 30 


“Values obtained from ref. 6 


Fic. 2.—Characteristics of “Least-of-Four” Drawings from Several Populations. 


If a fatigue curve is obtained from 
least-of-four points, and sufficient points 
are obtained to define the curve with 
some confidence, the curve will be a 
representation of median least-of-four 
values, and thus it can be expected that 
84 per cent of the material sampled will 
possess strength values lying above the 
curve. It is worth noting here that in 
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the classic “normal” distribution, a 
value of the variable equal to the mean 
minus one standard deviation (c) is a 
value that 84.13 per cent of the popula- 
tion exceeds. Thus, within very close 
limits, the median least-of-four value 

is also the mean-minus-1¢. 

Thus far, we have been concerned 
only with the median. It will be of 
interest to discover whether the mean 
- value is likely to differ by any great 
amount from the median, inasmuch as 
it could be argued that a curve drawn 
through a series of points may often 
more closely represent means than 
medians. This is the case when some 
function is ascribed to the curve and a 
least-squares fit is made to the data 
points. While no general statement 
regarding the significance of the mean 
of least-of-fours can be made, it is 
relatively easy to determine its sig- 
_ nificance in specific cases. This has been 

done for seven different assumed fre- 
eg distributions, with the results 


shown in Fig. 2. (For method of calcu- 

lation, see Appendix.) From the per- 
centage values in the first column, it is 
evident that even with very unlikely 
assumed distributions, departures from 
_ the 84-per cent value previously de- 
_ termined for the median are relatively 
small. For normal or near-normal 
distributions, deviations from this value 
are completely insignificant. 

It is apparent also, from the second 
column in Fig. 2, that the mean of least- 
_ of-four values is not far removed from 
the mean-minus-l¢ of the original 
population. 

Using mean least-of-four values, it is 
possible to determine how much less 
scatter can be expected in least-of-four 
testing than would occur in conven- 
tional single-bar testing. The standard 
deviation can be readily calculated, and 
is listed in Fig. 2 for both the original 
_ population and the least-of-four values 
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drawn from it. The final column shows 
the percentage reduction in scatter 
(that is, in standard deviation) to be 
expected. These values make clear that 
improved quality of data will be an 
automatic result of least-of-four testing. 


RESULTS IN PRACTICAL APPLICATION 


The foregoing has indicated that the 
least-of-four method is exceedingly 
simple to use and that it can give results 
of real design significance. It remains 
to be demonstrated that it is practical 
from the standpoint of testing machine 
hours required to obtain adequate data 
for a reasonably well defined S-N curve. 
To accomplish such a demonstration, 
it would be ideal if a large number of 
S-N curves could be run on nominally 
identical material by each of several 
methods, and a comparison made of 
quality of results and machine hours 
consumed in each case. This, however, 
would immobilize the average laboratory 
for several years, and even then the 
true characteristics of the material 
used, and the degree of control of these 
characteristics, would not be precisely 
known. 

Complete control of characteristics 
and virtual identity of conditions can 
be assured by excluding the vagaries 
of natural phenomena and resorting to 
the familiar statistical procedure of 
drawing numbers from a bowl. The 
simulation of fatigue data in this fashion 
presents certain difficulties, but these 
are by no means insurmountable. 

Numerous investigators have con- 
cluded that the frequency distribution 
of the logarithm of life at a given stress 
is very nearly normal. Current evidence, 
however, indicates that it cannot be 
precisely a normal distribution. If we 
accept the fact that the S-log N curve 
should at all points have a negative 
slope, and if we accept also that scatter 
of log N tends to be greater at low stresses 
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than at high ones, we find these condi- 
tions incompatible with an assumption 
of normality. Assume, for example, 
a mean S-log N curve such as is il- 
lustrated in Fig. 3. Assume further that 
the scatter of log N, as characterized 
by the standard deviation ¢, is greater 
at the low value, S;, than at the higher 
value, S:. The curves of mean-minus- 
lo, or mean-minus-2<¢, etc., may be quite 
acceptable; but if a sufficient number 
of standard deviations from the mean 


log 


Fic. 3.—Results of Assuming Normal Fre- 
quency Distribution of Log N. 


‘are taken, the curve must eventually 


assume a positive slope, as illustrated 
in Fig. 3 by the curve for mean-minus- 
no. This curve says, in effect, that the 
probability of an exceptionally early 
failure is greater at low stresses than at 
high. 

The above reductio ad absurdum will 
be avoided if it is assumed that the 
distribution of log N about its particu- 
lar mean value is the same at all stress 
levels. An equally effective assumption, 
however, which also allows for the ob- 
servable fact that the spread in values 
of log N is greater at lower stresses, is 
that the distribution of 1/log N about 
its own mean remains constant at all 
stress levels. This latter assumption 
was used herein to simulate a large 
volume of fatigue data. The degree of 
scatter was based on studies of data 
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from actual materials, but the actual | 
curve employed is purely hypothetical. 
It was assumed that a test material 
had a mean curve representing the 
relationship between the stress, S, and 
the variable 1/log N, as given in Table I. 
It was further assumed that the dis- 
tribution of values of 1/log N about > 
mean at any stress level was essentially — 
normal and independent of the stress, 
This distribution was represented by 


TABLE I.—DATA OF HYPOTHETICAL 
MEAN CURVE OF S versus 1/LOG N. 


Ss i/log NV 
0.2315 4.32 
0.2065 4.85 
0.1731 5.78 
0.1466 6.82 
0.1249 8.01 
0.1125 8.89 
0.0988 10.12 


199 small tabs bearing the numbers 
given in Table II. These tabs were 
shaken up in a paper bag, and a “fa- 
tigue test” was run in the following 
fashion: 
1. Select a stress, and record the 
mean value of 1/log N. 


(Example: S = 30, 1/log N — 


0.1731) 
2. Draw a number from the bag, and 
add it, with proper regard for 
sign, to 1/log N. 
(No. drawn: —0.0213; 0.1731 — 
V.0213 = 0.1518) 


3. Convert to log N by inversion. 
This is the test result. 
(1/0.1518 = log N = 6.59; 
N = 3,890,000 cycles) 


Each number was returned to the bag 
and the contents were thoroughly 
shaken before the next drawing was 
made. 

“Fatigue tests” were run in this 
fashion in groups of four, and in each 
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group the lowest was selected as the 
least-of-four - value. (The other three 
were also tabulated for use in subsequent 
calculations.) The run-out limit was 
established at 20,000,000 cycles. Thus, 
if any drawing indicated greater life 
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than this, the point was recorded as a 
run-out. Twenty fatigue curves were 
obtained, using eight groups of four 
“test bars” for each curve. Stress values 
for the “testing” were selected two at a 
time, to simulate the laboratory condi- 


TABLE II.—DEVIATIONS FROM MEAN VALUE OF 1/LOG N USED IN 
SIMULATING TEST DATA. 


0.0768 0.0425 0.0312 0.0232 0.0167 0.0110 0.0056 0.0004 
0.0693 | 0.0415 | 0.0306 | 0.0228 | 0.0163 | 0.0106 | 0.0052 0.0000 
0.0646 | 0.0405 | 0.0300 | 0.0223 | 0.0159 | 0.0102 | 0.0049 | -—0.0004 
0.0610 | 0.0395 | 0.0294 | 0.0218 | 0.0155 | 0.0098 | 0.0045 | -—0.0007 
0.0582 | 0.0386 | 0.0288 | 0.0213 | 0.0151 | 0.0094 | 0.0041 | —0.0011 
0.0559 | 0.0378 | 0.0282 | 0.0209 | 0.0147 | 0.0091 | 0.0037 eee 
0.0538 | 0.0370 | 0.0276 | 0.0204 | 0.0143 | 0.0087 | 0.0034 | (Identical, 
0.0519 | 0.0362 | 0.0270 | 0.0199 | 0.0139 | 0.0083 | 0.0030 | except for 
0.0502 | 0.0354 | 0.0264 | 0.0194 | 0.0134 | 0.0079 | 0.0026 | sign, with 
0.0487 | 0.0347 | 0.0259 | 0.0190 | 0.0130 | 0.0075 | 0.0022 | positive 
0.0473 | 0.0340 | 0.0253 | 0.0185 | 0.0126 | 0.0071 | 0.0019 | values.) 
0.0459 | 0.0333 | 0.0247 | 0.0181 | 0.0122 | 0.0067 | 0.0015 ae 
0.0447 | 0.0326 | 0.0242 | 0.0176 | 0.0118 | 0.0064 | 0.0011 —0.0693 
0.0435 | 0.0319 | 0.0237 | 0.0172 | 0.0114 | 0.0060 | 0.0007 —0.0768 
“f° tion of keeping eight machines in opera- 
7 tion. The selections were made as if by 
—" a machine operator. That is, the 20 
30 — curves were each begun with different 
: _—— pairs of stresses, and subsequent choices 
of stress were made on the basis of the 
20 data thus far obtained, without being 
influenced by any foreknowledge of the 
’ correct position of the curve. Examples 
of the curves obtained are shown in 
ry ° Fig. 4. It should be pointed out here 
g 30 ee that the assumed inherent scatter in 
1 —— this hypothetical material was ab- 
normally great. Since assumption of 
— 20 small scatter would insure good results, 
Po it seemed a fairer test of the method to 
work at the other end of the scale. Thus, 
es in some cases, it might be said the 
3 - curves were not adequately determined 
with only eight points. For consistency, 
rT however, the program was limited to 
this number. 
io* 10° 10° 107 10° The fatigue curves obtained were of 


Cycles 


Fic. 4.—Examples of Fatigue Curves ‘Ob- 
tained from Simulated Data. 


course not perfectly consistent. To 
check their general conformance with 
the correct curve, an envelope of all 20 
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curves was prepared. This is compared 
with the correct curve in Fig. 5. The 
effect of the large scatter assumed is 
evident, but fair conformance was ob- 
tained nonetheless. It is significant to 
note that in no case did the least-of-four 
curves go as high as the mean curve for 
the material. 


Assumed mean curve 
\Z | | 
‘ Curve that 84 percent 
of material exceeds 
30 | 
a 


| Envelope of twenty a 
experimentally determined curves 


as 

10° 10° 10” 10° 
Cycles 

Fic. 5.—Envelope of Experimental Curves 


Compared with Correct Curve. 


VALIDITY OF THE DRAWINGS 


In all, 640 drawings were made from 
the population indicated by Table II, 
for purposes of running the simulated 
fatigue tests. It is relatively simple to 
predict the theoretical result of such 
drawings, and it will be of interest to 
compare these with the results actually 
obtained. 

The initial population has a mean 
value of zero, and a standard deviation 
of 0.0289. The 640 drawings gave a 
mean value of 0.0007, and an estimated 
standard deviation of 0.0281. It can be 
concluded from this comparison that 
the drawings were adequately representa- 
tive. Calculations further indicate that 
least-of-four values drawn from the 
given population might be expected to 
show a mean of 0.0299, with a standard 


deviation of 0.0199. Actual results gave 
a mean of 0.0311 and an estimated 
standard deviation of 0.0189. The 
adequacy of this check is evident when 
it is realized that a difference of 0.0010 
in 1/log N represents only 80,000 cycles 
out of a million, or 360 out of 10,000. 


40 


° 
° @ ° 
° 9 o- 
30 Oo 
°° | 
20 
° 
20 
40 
o 
° ° 
30 
° |oo- 
20 
10° 10° 10° 10” 10° 
Cycles 


Fic. 6.—Effect of Including All Points in 
Each Group on Data of Fig. 4. 


REDUCTIONS IN ‘TESTING ‘TIME et 


A simplified approach to any given 
problem can be justified only if it 
provides significant savings of time or 
effort. The savings in technical effort 
offered by the least-of-four approach are 
quite obvious, inasmuch as absolutely 
no mathematics, or even graphical 
analysis, is required. A measure of the 
saving in testing time is available from 
the simulated fatigue tests that were 
performed. It will be of interest to 
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consider the actual number of machine- 
cycles consumed in preparing the 20 
curves by various methods. 

If all four tests in each group had 
been run to completion—with the 
condition that testing would in any 
case be stopped after 20,000,000 cycles— 
a total of 5527 X 10° machine-cycles 
would have been required. On the other 
hand, with all four tests stopped as soon 
as one test was completed, only 2656 X 
10° machine-cycles would be consumed. 
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prisingly good. For these tests, running 
all four bars to completion would con- 
sume 300.8 X 10° machine-cycles, 
while stopping after the first failure 
would reduce this figure to 32.7 10° 
machine-cycles, a saving of 89 per cent. 
The significance of this saving is better 
understood when it is realized that 
these groups are the only ones for which 
the completion of all the tests offers 
any great improvement in the usefulness 
of the data obtained. If one or more 


TABLE III.—COMPARISON OF SIMPLIFIED METHODS OF ANALYZING DATA. 
(Top Curve of Fig. 4) 


¢ Log N Error in Log N 
Stress Correct | Mean- ; 
Additional Values* 84 per cent] minus- | Least-of-4 
ii tess 3.53 3.95 4.90 4.94 3.97 | 3.63 | —0.44 | —0.34 
idvstensed 4.40 5.37 5.42 6.27 4.23 | 4.43 | +0.17 | +0.20 
4.82 5.97 6.39 (7.59) | 4.60 | 4.81 | 40.22 | +0.21 
cacuees 5.48 5.62 6.04 6.15 4.93 | 5.49 | 40.55 | +0.56 
caateiastal 6.00 6.39 7.01 (8.05) | 5.38 | 5.84 | +0.62 | +0.46 
RSE 6.43 6.64 (7.42) (12.45) | 6.02 | 5.22 | +0.41 | —0.80 
ae hin’ 7.27 | (8.91) (10.53) (10.67) | 6.46 | 7.64 | 40.81 | 41.18 
_ Seana (8.25) | (9.23) (10.01) (15.34) | 7.02 | 7.16 | +1.23 | +0.14 


* Values shown in parentheses would be run-outs if all tests were stopped after 20,000,000 cycles. 


This represents a 52 per cent reduction 
in testing time. Under these conditions, 
however, the value of completing all the 
tests up to the run-out limit would be 
partially lost by virtue of the presence 
of run-outs in many of the groups. The 
curves of Fig. 4 are repeated in Fig. 6 
with the additional test points from 
each group of four included. These are 
representative of the 20 curves obtained. 
Over all, 60 per cent of the groups of 
four included at least one run-out. Thus 
the value of 60 per cent of the data 
would be seriously impaired. 

Among the remaining 40 per cent of 
the groups—those of which all four tests 
would show definite and known life 
values—the time comparison in favor 
of the least-of-four method is sur- 


run-outs are included, submitting the 
data to mathematical treatment is 
exceedingly difficult at best. 

It was planned at the outset to make 
a direct comparison of the results ob- 
tained by the least-of-four method with 
those obtained by other available rela- 
tively simple approaches in which all 
four values are used. Such a method 
would be the calculation of the mean and 
subtraction therefrom of a specified frac- 
tion of the range (from lowest to highest), 
as described by Lord (7). As given, this 
procedure expresses the significance of 
the results in terms of each individual 
group of four, rather than the mean or 
median results from several groups. A 
direct comparison is possible, however, 
if the mean minus half the range is used, 


in 


| 
A 
| 
4 | 
> 
| 
. ] 
4 
| 1 
} 
| 
| 


for one can conclude intuitively that this 
will, in a symmetrical population and 
over a large sampling, give the same 
average value as the least-of-four. 

The comparison is of course possible 
only if the mean and range are known. 
This requires that the arbitrary limit on 
test time be removed, and that all tests 
be run to failure. One set of results ob- 
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Fic. 7.—Effect of Number of Specimens on 
Results of “Least-of-n’’ Testing. 
tained under these conditions is tabu- 
lated in Table III. The data in the first 
five columns are the same as those 
plotted in the top graph of Fig. 6, with 
the exception that the full potential life- 
time of every “specimen” is given. The 
sixth column lists the abscissa values of 
a correct curve that 84 per cent of the 
material will exceed. The final two col- 
umn show the errors realized in the 
least-of-four and mean-minus-half-range 
values. 

It would appear from the errors in- 
volved in this particular case that the 
advantage of having all four points lies 
in flexibility, since other than the 84-per 
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cent limit can be estimated, rather than 
in improved accuracy. The practical — 
obstacles to getting all four points, how- 
ever, may be insurmountable. Note, for 
example, that the final test result listed 
would take 2,190,000,000,000,000 cycles _ 
to complete. At 1400 cycles per min, 
this amounts to approximately ~ 
3,000,000 years of continuous testing. 
This is by no means the longest test 
that would be involved in the 20 S-N 
curves that were constructed. 

These figures are of course dependent 
upon the amount of scatter the material 
was originally assumed to show. As the 
four bars in a group tend toward equal 
lifetimes, the amount of time saved by 
stopping all tests after the first failure 
is reduced; but so is the need for refine- 
ments of technique. If there were no 
scatter, a single test at each stress level 
would suffice. 

A further potential saving immediately 
suggests itself. If suitable fixtures can 
be provided for testing four randomly 
selected bars in tandem (or possibly, 
with equalizing fixtures, in parallel), 
then the four bars could be tested with | 
the total machine-cycles consumed being © 
equal to the cyclic lifetime of the first 
bar to fail, rather than four times that 
amount. Such an arrangement has been © 
suggested for creep-to-rupture testing 
(8), but to the author’s knowledge, its 
use in fatigue has never been checked. 
Inertia effects might make it very 
difficult to attain the same stress in all 
four bars, but the potential 75-per cent 
additional time reduction should make 
the method worth at least some pre- 
liminary trials. 


CHOICE OF NUMBER OF SPECIMENS 


All of the foregoing discussion has 
been based on a choice of four as the 
number of bars in a group. There is no 
special magic about this particular 
number; it is merely the author’s idea of 


a proper compromise among several 
conflicting demands. The desire for 
adequate sampling would lead one to a 
choice of groups containing large num- 
bers of specimens. The desire to have 
the resulting fatigue curve represent a 
level that most of the material will 
exceed also works in this direction. But 
practical requirements limit one’s free- 
dom. It is important, if the full potential 
savings are to be realized, that the num- 
ber of bars in a group be no greater than 
the number of machines available, and 
that the number be held to a figure that 
will not impose a prohibitive require- 
ment for specimen preparation. 

Figure 7 shows the reduction in 
scatter achieved by various numbers of 
specimens in each group, assuming the 
underlying population is normally dis- 
tributed. The figure also shows, for each 
case, the percentage of the original 
population that can be expected to 
exceed the resulting curve. It can be 
seen that the incremental improvement 
per added specimen gets rather small 
as the number is increased beyond four. 
For less than four, however, the result- 
ing curve can hardly be called a suitable 
design level. These considerations, 
coupled with the convenient fact that 
use of four specimens results in a curve 
representing for all practical purposes 
the mean-minus-lc, have led to the 
choice of four by the author. If suitable 
methods were developed for parallel 
testing in a single machine, then the 
practical considerations of load-equaliz- 
ing devices would add further weight 
to the use of four specimens. 

It might be worth pointing out that 
investigations that may have been 
carried out with more than four bars 
at each stress level can be readily 
adapted to give the same curve as would 
result from least-of-four testing. Suppose 
five specimens have been tested, and 
gave log-lives, ranked in increasing order, 
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of L;, Ls, Ls, Ly, and Ls. What, then, is 
the most likely least-of-four value? In a 
process of random selection of four 
specimens, any one of the five might 
have been left out. If L2, Ls, Lu, or Ls 
had been eliminated, ZL; would have been 
the least of the four remaining. If , 
had been left out, Z, would have been 
the least of the remaining four. Thus, 
occurrence of Z; as the least-of-four is 
four times as likely as J», and the 
appropriate least-of-four value is given 


4 5 


4l, +1, 


In like manner, and using similar nota- 
tion, it is deduced that if six bars are 
tested, the appropriate |least-of-four 
value is given by 


+ + Ls q | 
15 - 


Similar formulas could be developed 
for more than six values, but presumably 
if so many tests are run, it is for the 
purpose of conducting a more complete 
statistical analysis, and such short-cut 
methods would have little value. It is 
worth noting, moreover, that the above 
formulas imply certain assumptions 
regarding the underlying frequency 
distribution, and cannot be extended 
indefinitely. 

An analysis on the rectangular dis- 
tribution shown at the top of Fig. 2 
indicates that running five tests and 
converting to the most likely least-of- 
four value in the above fashion leads to 
a scatter (standard deviation) 52 per 
cent less than that of the original popula- 
tion. This compares with 44 per cent 
reduction when only four specimens 
are used in each group. 


CONCLUSIONS 


In any testing program in which 
appreciable scatter is to be reckoned 


a 
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with, and in which the results can be- 
come available to the operator in 
ordered fashion, it is obvious that a 
process of starting a number of identical 
tests simultaneously and stopping as 
soon as one specimen fails will require 
less time than if all the tests were 
carried to completion. It has been 
shown herein that a definite significance 
can be ascribed to the results of such a 
process, and that this significance is 
independent of the nature of the under- 
lying frequency distribution from which 
sampling is being done. Simulated 


As an example of the method of calculat- 
ing various characteristics of the distribu- 
tions of least-of-four values selected from 
arbitrary populations, the right triangular 
distribution, shown fourth in Fig. 2, is se- 
lected. If the limits on the variable, x are 
taken as 0 and 2, then the frequency-dis- 
tribution function is 


The probability that any single value 
drawn from this population will exceed 
some value, x, is given by the area under 
the frequency-distribution curve to the 
right of x. Thus, 


The probability that four consecutive 
values drawn will all exceed x is then given 
by 


= = (1 - =) (3) 


Now the probability that x is precisely the 
lowest of the four values, symbolized by 


CALCULATIONS FOR ARBITRARY P 


fatigue-test data demonstrate the use 
of the “least-of-four” method of testing, 
and give an idea of the magnitude of 
the time saving made possible. _ 
The “least-of-four,” or, in general, 
any “least-value” method, is not limited 
to fatigue testing in its usefulness. Life — 
testing of any kind seems to be plagued 
by scatter, and in many fields, for 
example, simple electrical equipment or — 
stress corrosion, the testing of several 
samples simultaneously may require 
little more time or effort than if single 
samples were used. 


OPULATIONS 7 


px/4, is given by the amount of decrease 
in the above value in going from x to 
x + dx. Thus, it is the negative of the 
derivative of ps>x with respect to zx: 


di-— 


- 


dx 

The mean of least-of-four values is obtained 
by summing up the products of all incre- 
mental x-values with their respective 
probabilities, and dividing by the sum of 
the probabilities, which, by definition, is 
unity. Therefore 


- 2) 


From Eq 2, the area lying to the right of 
this value of x is a 


(256/315)? = 0.835 
4 
Thus, 83.5 per cent of the initial popula- 
tion exceeds the mean of all least-of-four 
drawings from the population. 
The mean square of least-of-four draw- 
ings is obtained by multiplying the prob- 


| 
| 
APPENDIX 
wd 
x 
(3 


ability values of Eq 4 by x* instead of x, 
and again integrating as in Eq 5, from which 


Then the standard deviation of least-of-four 
values is given by 


o = V2 — = 0/0.8000 — 0.6605 
= 0.374. . (6) 


For the initial population, the mean, mean 
square, and standard deviation are obtained 


as follows: 
a 2 
x 


The value of g in Fig. 2, the ratio of the 
difference in means between the original 
and least-of-four populations to the stand- 
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ard deviation of the original, is now ob- 
tained as 


If limits other than from 0 to 2 had been 
used for the initial population, the values 
of mean, mean square, and standard devia- 
tion would of course be altered, but the 
relative values would be the same. Thus, 
this change would not affect the value of q, 
the percentage of the original population 
that exceeds the mean of least-of-fours, nor 
the percentage reduction of the standard 
deviation brought about by the least-of-four 
technique. 

The other finite populations in Fig. 2 
were handled in the same manner, using ap- 
propriate equations for the indicated fre- 
quency distribution. Should the reader 
wish to make check calculations, he will 
need to know that the next-to-last distribu- 
tion in Fig. 2 is a parabola, following, 
between the limits x = —1 and x = 1, the 
equation 
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Mr. Ian D, Eaton! (presented in writ- 
ten form).—In my opinion, Mr. Schuette 
has presented an applicable approach to 
the use of statistical analysis in fatigue 
testing. To be sure, there are some cases, 
depending upon the end use of the fatigue 
test results, when the mean curve and 
variance are probably more important 
than the least-of-four results suggested. 
The time saving shown by Mr. Schuette’s 
analysis surely indicates that his sugges- 
tion warrants attention and study. His 
method of obtaining 640 test results is of 
considerable interest. 

As pointed out by Mr. Schuette, the 
amount of time saving is dependent upon 
the amount of scatter existing. At Alu- 
minum Research Laboratories we have 
some test data in which 3 to 5 specimens 
from a single lot of material were tested 
at each of several stress levels. The re- 
sults are shown in the accompanying 
Fig. 8. When these data are analyzed on 
the basis of the least of 3 to 5, as the case 
may be for the various stress levels, it is 
found that, if individual machines are 
used, the time saving by the “least-of” 
method is 49 per cent of the machine 
time required to obtain the entire lot of 
test data. Had these data been obtained 
by testing the 3 to 5 specimens in tandem 
in one machine and had the testing been 
stopped at the first failure, the machine 
time saving would have amounted to 83 
per cent. It is difficult to evaluate the 


1 Research Engineer, Aluminum Research 
Laboratories, Aluminum Company of America, 
New Kensington, Pa. 
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actual over-all time saving because of 
such factors as time required to insert 
specimens in the machines and elapsed 
time between the end of one test and the 
beginning of the next, which may be more 
than 63 hr if there is no one on duty be- 
tween 5 pm Friday and 8 am the follow- 
ing Monday. Therefore, the time = 
is considered on the basis of actual run- 
ning time of the machines, 
As early as 1942? the Aluminum Re- > 
search Laboratories reported results of 
tests in which four specimens were loaded — 
in parallel, and thus the test results re- 
ported were those representing a least- 
of-four value. Additional such test results 
have been reported.* These test results 
have recently been expanded to include 
results, now being prepared for publica- 
tion by the National Advisory Commit- 
tee for Aeronautics, in which tests were 
made on single joints as well as on four 
joints in parallel. It developed that in 
each case the specimen tested singly 
produced results which are entirely con- 
sistent with those obtained by testing 
four specimens at a time. An illustration — 
of a typical curve, one of three in the | 
publication, from these additional tests is 
shown in the accompanying Fig. 9; and - 
2 E. C. Hartmann and G. W. Stickley, “Sum-_ 
mary of Results of Tests Made by ARL of 
Spot-Welded Joints and Structural Elements,” 
Nat. Advisory Comm. Aeronautics Technical 
Note 869; also Supplement, Journal, Am. Weld- 
ing Soc., April, 1947, p. 215s. 
3 Marshall Holt, ‘‘Results of Shear Fatigue 
Tests of Joints with 3{g-in. Diameter 24S-T31 
Rivets in 0.064-in. Thick Alclad Sheet,’’ Nat. 5 


Advisory Comm. Aeronautics Technical Note 
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it would appear therefrom that there 
would be little time saved if testing were 
done in separate machines by limiting 
the test results to the least-of-four value 
rather than obtaining the results for all 
four specimens. In general, it would ap- 
pear from our work at Aluminum Re- 
search Laboratories that test results for 
notched and component specimens are 
subject to less scatter in results than 
smooth specimens; hence the least-of- 
four method, when applied to com- 
ponent testing, would not be expected 
to show as large time saving as for 
smooth specimen testing. 

Perhaps had Mr. Youden, in his paper 
referred to by Mr. Schuette (8), expanded 
his suggestion, instead of calling it 
“something of a hair-brained idea,” it 
would not have been lost in his discussion 
of statistics and would have received the 
attention that Mr. Schuette’s paper will. 

The suggestion by Mr. Schuette and 
Mr. Youden of testing in tandem, using 
one machine to test three or four speci- 
mens at one time appears to have a great 
deal of merit. They each suggested that 
the testing be restricted to the least value 
obtained from such a test, but the 
method appears to warrant some con- 
sideration in tests designed to determine 
the amount of scatter. Mr. H. J. Maier 
in “‘Reducing Cost of Fatigue Testing’ 
used a multiple test-section cantilever- 
beam specimen at a single load to ac- 
cumulate cycles at lower stress levels 
while fracturing that section of the 
specimen at higher stress levels. When 
the section of the specimen subjected to 
the highest test level failed, he proceeded 
to grip the next section and so on until 
final fracture of the section nearest the 
loading end. Neglecting run-out tests, 
the time saving was about 30 per cent 
over that required to test the individual 
specimens, 

As suggested by Schuette and Youden, 


4 Machine Design, Sept. 1949. 


it would seem feasible to test specimens 
which are alike four at a time in one 
machine and at a constant load. Some 
machines, of course, are much more 
adaptable for this type of testing than 
others, but particularly in some ma- 
chines it should not present very much 
difficulty. It is proposed that the results 
for all four specimens tested to failure in 
tandem be reported rather than only the 
least-of-four results. Some extra care 
may be required in order to assure that 
the failure of one specimen does not af- 
fect the fatigue strength of the other 
specimens which remain to be tested. 
When the data shown in Fig. 8 are 
analyzed in this respect, it is found that 
all of the test data could be obtained by 
testing identical specimens in tandem 3 
to 5 at a time, depending on the number 
of data points available at each stress 


- level, with a saving of 40 per cent of the 


testing time. This compares favorably 
with the amount of time saving shown 
by Mr. Schuette and is almost as great 
as the 49 per cent based on the least-of-3 
to 5 data points tested in separate ma- 
chines. The method does have the fur- 
ther advantage that each specimen ma- 
chined is tested to destruction. 

It is to be expected that, as a result of 
Mr. Schuette’s paper, additional test re- 
sults will be presented which indicate the 
influence his proposal has in the field of 
lifetime testing of many types. 

Mr. FRANK A. McCuintocx.’—The 
least-of-four may also be interpreted by 
noting that if first four specimens and 
then a fifth are tested, the fifth is equally 
likely to lie in any of the five positions 
intermediate to a pair of, below, or above 
the other four. Thus if one always states 
that any future observation will lie above 
the lowest of the sample of four, one will 
be right four times out of five. One may 


5 Assistant Professor of Mechanical Engi- 
neering, Massachusetts Institute of Technology, 
Cambridge, Mass. 
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80 per cent confidence limit for any fu- 
ture single observation.® 
_ Another interpretation is that the 
least-of-four is a limit such that in the 
_ long run the average fraction of the 
population lying above the broken line 
determined by the least-of-fours is 80 
per cent. 
A third interpretation is that the least- 
-of-four is the lower 93.75 per cent con- 
fidence limit for the median of the 
These alternative inter- 


mi then, that the least of four is a lower 


pretations of the least-of-four do not 
contradict that proposed by the author, 
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least-of-four basis may actually be 
superior for practical use if its variability 
is less. In addition, the size effect due 
to variability in the material will be less. 
Thus if tests are stopped at the least- 
of-four point, valuable information may 
be lost. 

The reduction in cost due to stopping 
tests may be less than at first imagined. 
Assume, for example, that specimens 
costing $4 each, including set-up time, 
are tested individually in machines 
costing $1500 each and occupying 20 
sq ft of laboratory space at a cost of $4 
a sq ft per year. Assume that the ma- 
chines are in operation 8000 hr per year 


TABLE IV.—REDUCTION IN COST DUE TO LEAST-OF-FOUR PROGRAM. 


Example 1 Example 2 


Ordinary Least-of-four Ordinary Least-of-four 


640 640 56 256 
5527 X 10° | 2656 X 10° | 300.8 X 10° | 32.7 x 10° 
$2560 


$2560 $1024 $1024 


$3130 $1500 $170 $18 


$5690 $4060 | $1190 $1040 


- enough to the author’s to be equivalent 
_ for practical purposes. 

But the use of the least-of-four is not 

: entirely adequate for all practical pur- 

poses. Certainly design should be based 

on a 99.9 per cent or higher, rather than 

; _an 80 per cent confidence basis. Such es- 

z= _timates can be obtained from a sample of 

four,® * but require a knowledge of the 

, _ lives of all four specimens, as well as some 

assumption regarding the shape of the 

distribution. In comparing two alloys, for 

example, one which looks inferior on a 


*S. S. Wilks, “Determination of Sample 

Sins for Setting Tolerance Limits,” Annals of 

_ Mathematical Statistics, Vol. 12, p. 91 (1941). 
TK, R. Nair, Sankhya (Indian Journal of 

_ Statistics), Vol. 4, Part 4, March, 1940, p. 551. 
Eisenhart, Hastay, and Wallace, ‘“‘Se- 
lected Techniques of Statistical Analysis,” 
McGraw-Hill Book Co., Inc., New York, N. Y., 
Chapter II (1947). 

9 J. Lieblein, “A New Method of Analyzing 
Extreme-Value Data,” Nat. Advisory Comm. 
Aeronautics Technical Note 3053, January, 

1954. 


at 1400 rpm and are amortized at a flat 
20 per cent per year. Thus the machine 
and space costs are $0.57 per million 
cycles. The reductions in cost due to the 
use of the least-of-four program for the 
two examples given by the author are 
presented in the accompanying Table IV. 
Of course, similar computations should 
be made for whatever research program 
is at hand, but these results do indicate 
that the reduction in cost may not be 
very large compared to the loss of in- 
formation and the possibility of using 
other statistical techniques. Further- 
more, less variability in the specimen 
lives and the use of high-speed, rotating- 
beam machines would make the reduc- 
tion in cost even less significant. 

Mr. RosBert W. (by letter). 
—Mr. Schuette should be congratulated 


Senior Analytical Engineer, Hamilton 
Standard Division, United Aircraft Corp., 


Windsor Locks, Conn. 


if 


+ 
4 and indeed the firs! are similar 
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for his interesting paper on a simplified 
procedure for obtaining design-level 
fatigue life curves. This method should 
be useful when an S-N curve at approxi- 
mately the lower 1o level or better is 
satisfactory for design purposes and 
when the possibility of multiple testing 
exists coupled with an adequate specimen 
supply. Of particular interest was his 
method of simulating fatigue data, which 
should prove very helpful in checking 
other statistical analysis methods and 
test procedures. 

The saving of testing time realized by 
the least-of-n method depends greatly on 
the number of specimens that can be 
tested at one time. If the m specimens 
can be tested simultaneously, then all 
n tests can be stopped when the first 
specimen breaks, thereby realizing the 
full time saving. In some instances this 
can be accomplished by testing all the 
specimens on one machine or by testing 
them on two, four, or more machines at 
the same time. It has been the practice 
at Hamilton Standard to test up to 6 
scale and full-size specimens at a time 
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may involve great hazard. The least-of-n 
method gives no information concerning 
the deviation, so that one has no idea 
how good the values are designwise, 
even though they represent approxi- 
mately the lower 1¢ or better limit. Also, 
many groups of m specimens must be 
tested in order to be sure of obtaining the 
mean curve which represents approxi- 
mately the lower 1¢ or better life curve. 
Figure 5 shows that there is considerable 
error in assuming the lower 1¢ life curve 
is given by the earliest failures of only a 
few groups of four. 

The author is concerned primarily with 
the S-N curve in the life or time-strength 
region. Several years ago I considered the 
closely related problem of determining 
the endurance limit with a given degree 
of accuracy, using the least amount of 
test time. The procedure employed 
statistical principles and was based on 
the fact that two factors determine the 
accuracy in defining the endurance limit 
—sample size, m, and number of test 
cycles, NV. In order to determine the en- 
durance limit of a material or structure 


on one electromagnetic vibration ma- at Hamilton Standard, we often use the 
, chine. By tuning the full-size specimens loading-up method of testing in which 
1 and by proper mating of the scale speci- the specimens are tested a given number 
, mens, it has been possible to test the of cycles, N , at each of increasing stress 
, specimens at stresses within a few per levels until one or more specimens fail at 
, cent of each other. However, for certain N¢ of the levels. Generally, the highest 
i loadings it has not been feasible to test level at which no failures occur is desig- 
more than one at a time. In instances like oF more. 
the least-of-n method would probably 
be outweighed by the incomplete data ly the 
advantages are made at the expense of 
obtaining the mean life and the standard of confidence in the 
‘ deviation which provides the basis for defined endurance limit being the true 
> extrapolation of the data to life curves at endurance limit (at a given probability 
lower probability levels. This latter fac- _Jevel) is a function of the sample size, n, 
). tor is very important in cases where there and the number of cycles, N, that the 
d are large variations in the lives at a given specimens were tested at each stress level. 


stress level and where a single failure 


It can be shown that for a universe of 


# specimens, the confidence, P, , that the 
universe has a probability of failure of 
p or less at a stress level at which no 
specimens failed out of a sample of n 
specimens is 


(n — np)! (nm — n)! 


.. (1) 


For an infinite universe, that is i — ~, 
the accompanying Eq 1 simplifies to the 


0.999 


870 DISCUSSION ON STATISTICAL PROCEDURE FOR FATIGUE CURVES 


the failures at a given level would occur 
before N cycles. Therefore, 


where Py is the probability of all failures 
having occurred by N cycles. The value 
of Py can usually be approximated by 
making a P versus log N plot for the 
stress level at which failures first occur, 
from the results of a pilot test, or from 


0.30 


0.10 


2 


familiar expression 
¢ 


P, = 1— (1 — p)*.........(2) 


Thus, if m specimens are tested for an 
infinite number of cycles at each stress 
level, one would have a confidence of P, 
that the universe had a probability of 
failure of p or less at the highest stress 
level at which none of the specimens 
failed. However, because the specimens 
7 were tested only N cycles at each stress 
level, the over-all confidence, P, that the 
universe has a probability of p or less is 
decreased by the possibility that not all 


Number of Cycies, N 
Fic. 10.—Probability of Failure in Given Number of Cycles of Stress Near Endurance Limit. 


10" 


previous data; see the accompanying 
Fig. 10. In general, the value of Py 
will be optimistic. 

Now, the total machine test time, 
Nn/a, where a is the number of speci- 
mens tested per machine, for a con- 
fidence, P, that the universe has a failure 
rate of or less can be found by selecting 
values of m and N such that P = P,-Py. 
Assuming various sample sizes, m, one 
can calculate by Eq 1 or 2 the confidence, 
P,, that the universe has a probability 
of failure of p or less if no failures are 
obtained at a stress level. The required 
values of Py , consistent with the over-all 


P = Px . (3) 
| 
0.99 
q 
a 090 4 
= 
0.50 
* 
a 
= 
| 
| 


desired degree of confidence, P, is then 
obtained by dividing P by P, . The num- 
ber of cycles, N, that the specimens 
should be tested at each level can then 
be found from the P versus log N plot 
mentioned above. If this procedure is 
repeated for various sample sizes and the 
machine test time is plotted against 
sample size for a given over-all degree of 
confidence that the universe has a prob- 
ability of failure of 9 or less, a curve like 
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failure rate of the universe, $, and in 
order to decrease the value of without 
sacrificing test efficiency the sample size 
must be increased. 

Figures 10, 11, and 12 show the ap- 
plication of the above procedure. As- 
sume, for example, that originally six 
specimens were tested one at a time for 
50 million cycles at each stress level on a 
loading-up basis in order to determine 
their endurance limit. Figure 11 shows 


that shown in accompanying Fig. 11 will 
be obtained. From such a plot the min- 
imum test time, n.V./a, is determined, 
which is obtained by testing m. speci- 
mens for N, cycles at each stress level. 
If this process is repeated for other over- 
all degrees of confidence and probabilities 
of failure of the universe, the results 
from Fig. 11 for the minimum ma- 
chine test time, m., No and p, can be 
cross-plotted as shown in Fig. 12. This 
figure indicates that there is an optimum 
number of test cycles for each over-all 
degree of confidence regardless of the 


100 
Yj 
50 VA 
80 per cent Degree of Confidence, P 
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Ne y 20. 
ALALL 
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Machine Test Time, nN/a, millions of cycles - 


" Fic. 11.—Effect of Sample Size and Test Cycles of Machine Test Time. — 7 


that this test procedure has a machine 
test time of 350 X 10® cycles per stress 
level and a confidence of 80 per cent that 
the universe has a probability of failure 
of 26 per cent or less at the highest level 
at which no failures occur. Figures 11 and 
12 show that the machine test time per 
level could be reduced to nearly half 
(machine test time of 184 X 10° cycles 
per stress level) for the same degree of 
confidence and p by testing 8 specimens 

21 million cycles per stress level. 
As can be easily seen, the above pro- 
cedure uses the same basic concepts as 
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presented in the paper but deals with the 
determination of the endurance limit or 
fatigue strength at a given number of 
cycles (Py is made equal to 1.00 at the 
given number of cycles) instead of life at 
a given stress. Although the endurance 
limit could be obtained by extrapolating 
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obtained. If possible, it is usually ad- 


vantageous to test most of the specimens 


to failure so that the mean strength and 
deviation can also be obtained. 
Mr. E. H. ScHuEtTE (author’s closure). 


—I would like to express my thanks to 


the discussors; I think they are doubtless 


95 percent 
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Fic. 12.—Sample Size and Test Cycles for Detecting Various Universe Probabilities of Fail- 


ure for Least Machine Test Time. 


the S-N curve produced by the least-of-n 
method, it is believed that the above 
method will define better the endurance 
limit if the stress levels are fairly close 
together. The procedure above naturally 
has the same disadvantages as mentioned 
at the beginning of this discussion, if the 
testing is stopped as soon as a failure is 


all more versed in the field of statistics 
than I, and I consequently deeply ap- 
preciate their having given their careful 
consideration to the subject matter of 
my paper. 

Mr. Eaton has mentioned the tend- 
ency for component testing to show less 
scatter than is common to element test- 


- | 
: 
‘ 
2 
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ing. This is entirely logical; if we assume 
a component consists of m critical ele- 
ments, then the testing of the component 
is tantamount to conducting a “least- 
of-n”’ test, and the scatter should de- 
crease in accord with Fig. 7. 

Whether or not four tests run in 
tandem, and carried successively to their 
individual failure times, would be more 
economical of time than would four sep- 
arate tests stopped after the first failure, 
will depend on the amount of scatter 
with which one must contend. If the 
longest-lived has ten times the life of the 
shortest, then the tandem idea will re- 
quire ten times this shortest lifetime, 
whereas the separate test will use ma- 
chine time equivalent to four times the 
shortest life. If scatter is considerably 
less than this, the situation will tend to 
reverse itself. 

I concur with Mr. McClintock’s ob- 
servation that the lowest of a sample of 
four is the lower 80 per cent confidence 
limit for any future single observation. 
I cannot agree, however, that the av- 
erage fraction of the population lying 
above the broken line determined by the 
least-of-fours is 80 per cent. There is a 
very fine distinction here. In my opinion, 
the average fraction of the population 
lying above individual _least-of-four 
points is indeed 80 per cent; but if a line 
is faired through such points, then, on 
the average, 84 per cent of the population 
will lie above the line. This difference 
derives, I think, from the skewness of the 
least-of-four distribution by comparison 
with the original distribution, whatever 
it may be. 

The suggestion that design should be 
based on something better than 84 per 
cent confidence of survival is certainly 
well taken. In my own approach, I have 
left it up to the designer to choose factors 
of safety that will provide an adequate 
additional margin. If we assume that 
four tests per stress level is about all 


the average industrial laboratory can 
afford to run—and I think this is a realis- 
tic assumption—then the application of 
statistical procedures to determine a life 
for which there is 90 per cent confidence 
that 99.9 per cent of the population will 
exceed, will lead to wholly unrealistic 
results. To get so high a confidence from 
so few points, the mathematics will re- 
quire, in effect, far greater factors of 
safety than are dictated by experience, 
and the designer will be faced with using 
stress values so low that he cannot even 
produce a feasible design. 

Where it is practicable to use 20 or 30 
specimens per stress level, it is possible to 
get realistic and usable values. Unfor- 
tunately, our own siutation will rarely, 
if ever, permit such an approach. 

In our particular circumstances, using 
Krouse axial-load machines, we find spec- 
imen cost (including machining, polish- 
ing, mounting, and demounting) quite 
similar to that assumed by Mr. McClin- 
tock, and our machine and space costs 
are also of the assumed order of magni- 
tude. We find it necessary, however, to 
utilize additional manpower during the 
early stages of a test, in order to make 
frequent adjustments compensating for 
creep and changes in the amount of 
plastic flow per cycle. The cost of this 
operation is about four dollars per test, 
irrespective of the number of specimens 
that might be mounted in the machine. 
The inclusion of this cost would there- 
fore change considerably the final figures 
in Table IV. 

There is, moreover, a common situa- 
tion confronting a laboratory whereby it 
can find no space in which to install large 
numbers of new testing machines even if 
they were available. Under such circum- 
stances, the only alternative is to de- 
velop ways of getting results faster from 
the machines on hand. 

It is gratifying to note that Hamilton 
Standard have already made use of a 
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multiple-specimen technique, using as 
many as six scale or full-size specimens. 
Considering the endurance limit, there is 
still some controversy as to whether such 
a limit is actually attained within any 
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feasible number of cycles for magnesium 
alloys. Whenever the representation of an 
endurance limit can be justified, Dr. 
Cornell’s contribution should offer a use- 
ful extension of statistical methods. 
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By H. T. Corten,' T. Diworr,' anp T. J. Dotan! 


SYNOPSIS 


| ew 


The Prot progressively increasing load method of fatigue testing was in- 
vestigated by comparing the experimental results for three ferrous metals and 
an aluminum alloy with conventional fatigue data. Both notched and un- 
notched specimens were studied. The influence of the stress level at which the 
test was started and “coaxing” were investigated. Two procedures were em- : 
ployed in analyzing the data. The first method makes use of the results of con- 
ventional fatigue data (obtained with constant stress amplitude) to evaluate an 


experimental constant required to obtain the optimum value of the endurance 
limit from the Prot data. The second procedure employs the general method 


rous metals, 


An important group of fatigue prob- 
lems are concerned with load-resisting 
members subjected to a very large 
(infinite) number of repeated loads. In 
this group of problems, the determina- 
tion of the endurance limit of the ma- 
terial by conventional laboratory meth- 
ods (S-N curve) is often a long and 
expensive procedure. This is particularly 
true when information on the statistical 
variation of the endurance limit is 
desired. Also, after the endurance limit 
is established, the direct application of 
this information to the design of complex 
load-resisting members is somewhat 
uncertain due to such phenomena as the 


* Presented at the Fifty-seventh Annual 
ing of the Society, June 13-18, 1954. 

1 Research Assistant Professor, Research 
Assistant, and Research Professor, respectively, 
Department of Theoretical and Applied Me- 
chanics, University of Illinois, Urbana, IIl. 
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of least squares and statistical analysis to obtain the optimum value of the 
endurance limit and an estimate of the statistical variation from only the data : 
obtained with progressively increasing loads. The Prot method of fatigue test- ; 
ing appears most promising for rapid estimation of the endurance limit of fer- 
) 


effect of state of stress, notch sensitivity, 
and size and shape effects. Consequently, 
testing of expensive complex assemblies 
is often necessary to determine endurance 
limit loads. Thus the desirability of a 
reliable short-time method for deter- 
mining the endurance limit and esti- 
mating the statistical variation using 
only a relatively few specimens or com- 
plete assemblies has long been evident. 
The Prot method (1)? of determining 
the endurance limit appears to in- 
corporate many desirable features from 
the point of view of reducing the number 
of specimens required and the length 
of time for each test. In the Prot analysis, 
it was assumed that conventional fatigue 
data could be approximately represented 
by a hyperbola in the region of the 
2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 893. 
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endurance limit, that is (S — S.)N = K’, 
where S, is the endurance limit and K’ 
is a constant. For load programs where 
the stress increases linearly with time or 
number of cycles, the relation between 
the fracture stress Sp and N was as- 
sumed to be another hyperbola with the 
same horizontal asymptote, S,.. If the 
increase in stress per cycle is denoted 
by a, Prot showed that, based on the 
above assumptions, a linear relation 
should exist between Sg and v/a, 
namely, 


(1) 


The endurance limit, S, could be ob- 
tained from a diagram of Sp versus ~/a 
by extrapolation to a = 0. At this 
point S, could be read directly on the 
stress scale. 

The advantage of this method lies in 
the fact that every specimen contributes 
to the determination of the endurance 
limit. Further, it offers a possibility of 
obtaining an estimate of the statistical 
variation of the endurance limit based 
on the statistical variation of a relatively 
few specimens by extrapolation to 
Va = 0. 

Henry (2) employing different assump- 
tions, showed that Eq 1 could be ob- 
tained in more general form as 


where it was assumed that m is a material 

constant but may be different for 

different materials. Equation 2 is based 

on one of Weibull’s (3) approximations 

to the conventional S-N diagram, 
namely, 


log N = log k — m log (S — S,) ... (3) 


and Miner’s hypothesis (4) which as- 
sumes that the cumulative fatigue 
damage is identical with the summation 
_ of the cycle ratios of overstress applied. 
_ Henry’s analysis gave the following ap- 


proximate relation between n of Eq 2 
and m of Eq 3: 


In this relation m is the slope of the line 
obtained from a plot of log (S—S,) 
versus log N (Eq 3) employing con- 
ventional fatigue data.* For example, 
for 14B50 steel, a value of m = 1.19 was 
obtained from Fig. 1, and a value of 


107 


10® 


TTT 


N- Number of Cycles to Failure 


, 


10* 108 
(S- Se) Stress, psi. 
Fic. versus (S—S.) Diagram for 
14B50 Steel Unnotched Specimens (S. = 59,000 
psi). Slope of line is 1.193. 


n = 0.456 was computed from Eq 4. 
Using this value of m, it was found 
that the relation between Sp and a® was 
approximately linear as will be noted 
later. 

In order to plot the log (S — S,), an ap- 
proximate value of S,. must be arbitrarily 
selected to give the straight line relationship 
indicated by Eq 3. This may be done by trial 
and error in the choice of S.; however, in those 


instances where the complete S-N diagram was 
available, the endurance limit was used for S. 


in analyzing the present data. 
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On Prot METHOD oF FATIGUE TESTING 


PURPOSE AND SCOPE 


It is the purpose of this paper to 
appraise the usefulness and reliability 
of the Prot method of determining the 
endurance limit. The results are pre- 
sented of an experimental investigation 
(5,6) of the Prot method applied to 
75S-T6 aluminum alloy and three ferrous 
metals (ingot iron, SAE 2340 steel, and 
a boron steel). The steels cover a wide 
range of hardness and include notched 
and unnotched specimens. One of the 
assumptions inherent in the Prot 
analysis is that the relation between Sp 


TABLE I.—OUTLINE OF TEST 


PROGRAM. 

f Starti: 
Material 
Aluminum Alloy 75S- | Unnotched | 10 000 
T6 Unnotched | 20 099 
Ingot Iron B Unnotched | 20 000 
Unnotched | 10 000 
Ingot Iron A Unnotched | 10 000 
Unnotched | 30 000 
SAE 2340 Steel Unnotched | 65 000 
Notched 30 000 
Notched 15 000 
14B50 Steel Unnotched | 50 000 
Notched 35 000 
Notched 25 000 


and a" is independent of the stress oo 
(below the endurance limit) at which 
loading is initiated. It is assumed that 
cycles of stress below the endurance 
limit cause no damaging or strengthening 
effect in the material. Several different 
levels of stress were used at the start of 
the test to investigate the validity of 
this assumption. To study the possible 
effect of “coaxing” upon the endurance 
limit determined by the Prot method, 
two groups of specimens of ingot iron 
were prepared such that one group 
would be more susceptible to coaxing 
than the other (7). Table I lists all of the 


materials studied along with the type 
of specimen and starting stresses used. _ 
Since the exponent m in Eq 2 varies 
from one metal to another, appropriate 
values of m may be determined by the 
use of Eqs 3 and 4, but this requires 
the availability of conventional‘ 


data for the metals studied. To avoid 
the necessity of using conventional data, - 
the general method of least squares for 
a nonlinear equation was applied to 
some of the test data obtained by the 
Prot method. This analysis allowed the 
determination of the optimum value of 
constants S,, m, and K in Eq 2 from only 
the data obtained under progressively 
increasing loads. The value of m obtained 
by this method results in a linear rela- 
tion between Sp and a" that best fits 
the data. 

The statistical variability of some of 
the data were analyzed to obtain an 
estimate of the standard deviation of 
the endurance limit as obtained by the 
Prot method. 


MATERIALS AND EXPERIMENTAL METHOD 


The materials were received as § to 
}-in. diameter rolled bars. The blanks 
for the specimens were prepared from 
the bars in the as-received condition. 
For the unnotched specimens, a 0.30-in. 
minimum diameter was employed except 
for the SAE 2340 and 14B50 steels for 
which the minimum diameter was 0.25 
in. The contour of the reduced section 
was turned with a 2-in. radius for all 
specimens. The SAE 2340 and 14B50 
steel notched specimens had a minimum 
diameter of 0.25 in at the root of the 
semicircular notch whose radius was 
0.050 in. Approximately one half of the 
ingot iron specimens, hereafter desig- 
nated B, were quenched in water (Table 
II) to retain as much carbon and nitro- 


“The term “conventional” is used to indi- 
cate tests conducted at a constant stress ampli- 
tude. 


= 


878 


OF METALS TESTED. 
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_ TABLE II.—CHEMICAL COMPOSITION, HEAT TREATMENT, AND HARDNESS 


‘Temper- Temper, Hardness, 
Material Chemical Composition Time Quench deg Rockwell Scale 
Fabr B 
758-T6 Aluminum Zn 5.6 
loy Mg 2.5 As received 91.2 
Cu 1.6 (Rolled) 
Cr 0.3 
Ingot Iron B Cc 0.012 lhr 1400 | Water 54 7 
Mn 0.017 
P 0.005 , 
0.025 
Iron A Cc 0.012 
Mn 0.017 As received 
P 0.005 (Hot rolled) 
8 0.025 
SAE 2340 Steel Cc 0.40 ¥ hr 1450 Oil lhr | 1200 | 99 
Mn 0.74 id 
© - % P 0.019 = 
s 0.020 
Si 0.28 
Ni 3.48 
a 14B50 Steel Cc 0.52 10 min | 1550 Oil lhr 550 61 
Mn 0.84 
2s = P 0.011 
0.030 
Si 0.27 
~ B 0.0005 


gen in solid solution as possible. It is 
known (7) that in this condition the iron 
is more susceptible to “coaxing” during 
the progress of the repeated load test 
_ than in the as-rolled condition which was 
designated A. The specimens of ingot 
iron B and boron steel 14B50 were 
machined before heat treating. These 


in. larger in diameter than the finished 
specimen to allow for removal of light 
scale after the heat treatment. The SAE 
2340 steel was machined after quenching 
and drawing. The ingot iron A and 
75S-T6 aluminum were machined to size 
from the specimen blanks in the as- 
received condition. The specimens were 
_ polished using the standard procedure 
(8). After heat treatment, ingot iron B 
3 and boron steel 14B50 were given a light 


TABLE III.—TENSILE PROPERTIES 
OF METALS TESTED.* 


Yield R 

Strength, Tensile duc- 
Material Strength,| per 

i cent 

Offset, in 2in.| Pe 

psi cent 
75S-T6 Alumi- 73 100} 83 000)16 31.6 

num Alloy 

Ingot Iron B 33 000} 55 125)21.5 | 66.5 
Ingot Iron A 54 000} 62 900)18 65.6 
SAE 2340 Steel 92 100}112 900/26.5 | 64.8 
14B50 Steel 242 000/271 500) 9.25) 45.8 


* All values represent the average of at 
least two tests. Specimens were 0.505 in. diam 
and gage length was 2 in. 
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polish with 00 emery polishing paper. 
The chemical composition, heat treat- 
ment, and resulting hardness of the 
four metals are given in Table II. The 
standard tensile properties of all ma- 
terials are listed in Table III. 


TABLE IV.—COMPARISON OF ENDURANCE LIMITS OBTAINED BY THE 
CONVENTIONAL METHOD AND THE PROT METHOD. 
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machine was operated at approximately 
7200 rpm, and all specimens developed 
fatigue fractures. The speed of the 
machines was reduced to approximately 


and 75S-T6 aluminum. The slower speed 


3600 rpm for SAE 2340 steel, ingot ae | 
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Endurance 
i : Limit by Starting Endurance 
Material Type of Specimen Conventional Stress, pei Exponent # by 
75S-T6 Aluminum Unnotch 25 000° 20 000 0.5 Mes 
Alloy 20 000 0.178 20 500 
10 000 0.5 peck 
10 000 0.178 17 000 
Ingot Iron B Unnotch 23 000 20 000 0.5 28 100 
20 000 0.371 26 800 
10 000 0.5 28 800 
10 000 0.371 26 800 
Ingot Iron A Unnotch 34 000 30 000 0.5 38 500 
30 000 0.371 36 200 4 
10 000 0.5 36 700 7 
10 000 0.371 35 400 q 
SAE 2340 Steel Unnotch 69 000 65 000 0.5 71 700 
65 000 0.418 69 500 
: Notch 38 000 30 000 0.5 42500 
“ 30 000 0.4 40 700 
30 000 0.318 38 800 
15 000 0.5 39 200 ; 
15 000 0.4 38 300 
15 000 0.318 36 900 
14B50 Steel Unnotch 61 000 50 000 0.5 60 000 
50 000 0.456 61 100 
50 000 0.717 68 000 
- Notch 39 000 35 000 0.50 37 500 
35 000 0.55 38 400 
= ; 25 000 0.50 37 000 ; 
4 25 000 0.55 38 300 


* Fatigue strength at 10° cycles. 


The progressively increasing load 
experiments were conducted in rotating- 
cantilever-beam machines (5) by adding 
water to a load container. The uniform 
flow of water was controlled by employ- 
ing a constant head standpipe which 
supplied water through a needle control 
valve to the load container. 

In testing boron steel 14B50, the 


was employed in an attempt to reduce 
further the severe shock to the machine 
caused by the plastic bending failure 
which occurred for some of the speci- 
mens. Bending occurred in a number of 
ingot iron specimens for which the 
value of a was 0.04 psi per cycle or 
greater. In those cases where a ex- 
ceeded 0.04 psi per cycle, the stress in 
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f 
| 
4 
if 


the specimen had reached or exceeded 
the yield strength of the metal when 
plastic bending occurred. The loading 
rate a was computed from the initial and 
final load on the specimen and the 
number of cycles to failure. 
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75S-T6 Aluminum: 


Typical results of the progressively 
increasing load experiments are shown 
in Fig. 2 for one of the two starting 
stresses used, ¢9 = 20,000 psi. The data 
have been plotted employing two values 


alloy unnotched specimens = 20,000 psi). 


EXPERIMENTAL RESULTS 
AND DISCUSSION 


In the following discussion, the results 
for each material are considered sepa- 
rately. All of the data have been ana- 
lyzed using the value of the exponent 
n = 0.5 as proposed by Prot, and also by 
using a value of m determined from 
conventional fatigue data by Eqs 3 and 
4. Some of the data for 14B50 steel have 
been analyzed to determine values of x, 
K, and S, by the general method of 
least squares and statistical theory. A 
summary of the results for the four 
materials are presented in Table IV. 
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te, 
of the exponent m. When n = 


0.5 is 
used, the relation between Sp and a® 
is sharply curved in the range of small 
values of a", and linear extrapolation to 
a" = 0 is not feasible. A value of the 
exponent x = 0.178 was obtained from 
Eq 4 when the value of S. was adjusted 
(S. = 19,000 psi) to give a linear rela- 
tion between log N and log (S — S.). 
With this value of m, the fracture 
stresses were approximately linearly 
related to a® as is shown in Fig. 2. This 
same value of » also gave a linear rela- 
tion for the experimental data when a 
starting stress of a) = 10,000 psi was 
employed. 
The endurance limits determined by 
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the progressively increasing load method® 
(n = 0.178) were lower than the fatigue 
strength of the 75S-T6 aluminum at 108 
cycles. This is not surprising in view of 
the fact that the endurance limit deter- 
mined by this method implies an infinite 
life (or an asymptote to the lower portion 
of the conventional S-N curve). 

If the results for 75S-T6 aluminum 
can be considered typical of other non- 


_ ferrous metals, it is obvious that use of 


the exponent » = 0.5 is not satisfactory 
for this class of materials. The modified 
analysis proposed by Henry (2) depends 
upon the proper choice of a value for the 
exponent for a non-ferrous metal, the 
accuracy of fit of Weibull’s empirical 
relation (Eq 3) over a wide range of N, 
and the reliability of Miner’s hypothesis 
(4). Based on the uncertainties of the 
last two factors (and the rather arbitrary 
preliminary choice that must be made 
for S, in plotting the log N versus log 
(S—S,) relation), it appears that there 
exists a range of values of endurance 
limit that may be obtained by the Prot 
method. Consequently the usefulness of 
the Prot method may be rather limited 


5 In the diagrams of Sp versus a", the inter- 
cept with the S axis represents the endurance 
limit, S., of the material. In determining the 
equation of the straight line for best fit, the 
method of least squares was used (9). The equa- 
tion of this straight line is 


Sr = S. + Ka®™........... 


The constants S, and K are determined as 
follows: 


— 
MZa® Sp — La" - TSR 
M2X(a*)? — 


_— M is the total ber of sp A 


similar procedure was used to determine the 
exponent m from log | N versus log (S — 8.) 
diagrams. 


for non-ferrous metals unless it is found 
that a single value of m may be used for 
all alloys of a given type (such as 
aluminum alloys). 


Ingot Iron: 


The progressively increasing load 
experiments for the two groups of ingot 
iron specimens (A and B) each em- 
ployed two starting stresses, oo, as 
listed in Table I. Two values of the 
exponent m were used, m = 0.5 and 
n = 0.371. The value of the exponent, 
n = 0.371 was determined independently 
for each group of specimens A and B 
from diagrams of log N versus log 
(S — S,). Typical results of the experi- 
ments, for ingot iron B are plotted in 
Figs. 3 and 4. Both values of m appear to 
give a linear relation between Sp and 
a" for the small range of values of 
a" covered by these data. The same 
observation was made for iron A. The 
data obtained by the conventional 
method of fatigue testing for iron B 
together with the fracture stresses under 
progressively increasing load are shown 
on the S-N diagram in Fig. 5. 

A comparison of the values of the 
endurance limits (see Table IV) shows 
that for both irons A and B the Prot 
method endurance limits are higher 
than those determined by the conven- 
tional method. The use of x 0.371 
gives somewhat better agreement than 
n 0.5. The absolute differences are 
not large; however, by the Prot method, 
the endurance limits are from 4 to 13 
per cent high for iron A, and from 16 to 
25 per cent high for iron B. These 
differences should be considered ap- 


_ proximate because of the lack of knowl- 


trend. 


edge of the statistical variations of the 
data; however, for iron B the difference 
appears large aaa to establish a 
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Fic. 6.—Fatigue Fracture Stresses Under Progressively Increasing Loading. SAE 2340 steel 
unnotched specimens (a9 = 65,000 psi). 
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Fic. 7.—Fatigue Fracture Stresses Under Progressively Increasing Loading. SAE 2340 steel 
notched specimens (¢o = 30,000 psi). 


The question of the effect of “coaxing” the Prot method, particularly for iron 
was raised previously (5) and ingot iron B. In support of this, it should be noted 
B was purposely heat treated to a _ that for iron B a lower starting stress 
condition that is susceptible to “coaxing” resulted in the same or higher value of 
(7). It is suspected that the “coaxing” SS, (see Fig. 5 also). This is the reverse of 
phenomenon was largely responsible for the effect noted for different starting 
the higher values of S, determined by stresses for 75S-T6 aluminum or ingot 
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iron A (see Table IV) and is consistent 
with the concept that the “coaxing” 
phenomena was largely responsible for 
the increased endurance limit as deter- 
mined by the Prot method. Thus it ap- 
pears that for metals that are susceptible 
to “coaxing” (certain ferrous alloys (7)), 
the Prot method of determining the 
endurance limit may lead to estimates of 
: _ the endurance limit that are too high. 
The Prot method of determining the 
endurance limit was limited to the lower 
_ loading rates (low values of a) due to the 
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conventional methods require com- 
parable numbers of cycles and time to 
fracture. 


SAE 2340 Steel: 


The experimental results for the Prot 
method are presented in Fig. 6 for 
unnotched specimens tested using a 
starting stress, oo, of 65,000 psi and in 
Figs. 7 and 8 for notched specimens 
using starting stresses, oo, of 30,000 and 
15,000 psi respectively. Two values of 
the exponent m have been used in plotting 
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notched specimens = 15,000 psi). 


fact that at higher values of a the 
specimens failed by plastic bending 
instead of progressive fracture. Many of 
the specimens also failed by plastic 
_ bending after developing a small crack. 
However, it is thought that the presence 
of the crack contributed to excessive 
vibration of the specimen late in the 
test; therefore, these failures are re- 
ported as resulting from progressive 
fracture. 

It is interesting to note from Fig. 5 
that when very low loading rates must 
be employed the progressive load and 
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Values of a” 
Fic. 8.—Fatigue Fracture Stresses Under Progressively Increasing Loading. SAE 2340 steel 


the data in Fig. 6 and three values in 
Figs. 7 and 8. In Figs. 6 to 8 the data 
are plotted for n = 0.5; however, it is 
obvious that the relation between the 
fracture stress Sp and a" is not linear. 
To obtain an estimate of the value of 
that would give a linear relation, dia- 
grams of which Fig. 9 is a sample were 
plotted to include the present conven- 
tional fatigue data plus more extensive 
data available from a previous investiga- 
tion (10) of the same material. The 
values of m obtained by applying the 
method of least squares to only the 
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data from reference (10) gives n = 0.418 
for unnotched specimens and » = 0.40 
for notched specimens. Using the re- 
spective values of m, the data were 
replotted as shown in Figs. 6 to 8 
resulting in a more nearly linear relation 
between Sp and a”. 
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line was drawn by eye that appears to 
represent better the data in the range 
below 3 X 10° cycles. From the slope 
of this line, a value of m = 0.318 was 
obtained. The Prot data in Figs. 7 and 8 
were also replotted using this value of 
and appear to give the most nearly 
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ence(iO) only. 


— e data from reference (10), 
S = 39,000 psi. Slope of solid line 
is L503 based on data from ref- 


| 
© conventional data from present 
investigation,S.s 38,000 psi. 
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108 


In Fig. 9 the line for notched specimens 
obtained by the method of least squares 
appears to be considerably influenced by 
the wide scatter of points in the range 
between NV = 5 X 10° to 10° cycles. 
To study further the use of diagrams 
such as Fig. 9, an additional dashed 


(S-Se) Stress, psi. 
Fic. 9.—N versus (S—S.) Diagram for SAE 2340 Steel Notched Specimens. 
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linear relation between Sg and a® for 
this exponent. 

The values of S, obtained by the 
Prot method (see Table IV) for un- 
notched specimens agree very closely 
with the results of the conventional 
method. The exponent, » = 0.418, ap- 


10 : | 


pears to give slightly better agreement 
than m = 0.5. For notched specimens, 
the values of S, obtained by the Prot 
and conventional method appear to 
agree best when a value of nm = 0.318 is 
used to plot the Prot data. The value 
of nm = 0.40 gives good agreement for a 
starting stress 9 of 15,000 psi, but for 
oo = 30,000 psi the difference is larger. 
These results should be viewed in the 
light of the statistical variation inherent 
in the determination of the endurance 
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possible to differentiate accurately be- 
tween the results obtained by using 
different values of n. 

From the results of the notched and 
unnotched specimens, it is impossible 
to decide whether or not » is a material 
constant. Because of the variability of 
the endurance limit and the relative 
insensitivity of S, to changes in n, it is 
suggested that for practical purposes the 
assumption of a constant value of m for a 
given material is sufficiently reliable. 
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limit. The endurance limit by the con- 
ventional method was bracketed between 
one or two specimens that did not 
fracture at a given stress level (see Fig. 
10) and two or three specimens that did 
fracture at stress levels from 500 to 
2000 psi higher. The information that is 
available (11) on the variability of the 
endurance limit of other materials 
indicates that the standard deviation 
may be several thousand pounds per 
square inch. Thus when the results of 
the Prot and conventional methods 
differ by only several thousand pounds 
per square inch, it does not appear 


The variation of the value of S, ob- 
tained with the Prot method due to 
different starting stresses for notched 
specimens is of the same magnitude as 
was obtained with unnotched specimens. 
This difference is not large, but it does 
represent a deviation from one of the 
basic assumptions of the Prot theory. 
From the practical standpoint, this 
small difference may not be significant. 

From Fig. 9 it appears that there may 
be some question about the proper 
interpretation of these diagrams. For 
small values of V, approximately 100,000 
cycles and less, a second line of different 
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Fic. 12.—Fatigue Fracture Stresses Under Progressively Increasing Loading. 14B50 notched 
specimens (ag = 35,000 psi). 
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slope often appears to fit these data 
better (2, 3). For larger values of NV, the 
scatter is often large and the trend of the 
data is difficult to determine. Thus this 
method of estimating » may be mis- 
leading when conventional data from 
only a few specimens are available. In 
terms of the modified Prot theory, this 
may also mean that it would be desirable 
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Fig. 11 for unnotched specimens the 
data are plotted using » = 0.5 and 
n = 0.456. The value of n of 0.456 was 
obtained from Fig. 1, a diagram of log V 
versus log (S — S,), using conventional 
fatigue data for unnotched specimens 
and Eq 4. As sufficient conventional 
data were not available, a value of n for 
notched specimens was not determined 


to use a variable value of in plotting _ by this procedure.® 
the Sy versus a® diagrams. However, For the unnotched specimens, the 
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Fic. 13.—Fatigue Fracture Stresses Under Progressively Increasing Loading. 14B50 notched 


specimens (¢9 = 25,000 psi). 


considering the insensitivity of S, to 
changes of m and the empirical assump- 
tions upon which the modified Prot 
theory is based, it appears doubtful that 
such a refinement is justified. 


Boron Steel 14B50: 


The experimental results of the tests 
under progressively increasing load are 
presented in Fig. 11 for unnotched 
specimens using starting stress of 50,000 
psi and in Figs. 12 and 13 for notched 
specimens using starting stresses of 
35,000 and 25,000 psi respectively. In 


values of the endurance limit (see Table 
IV) using either value of m are in close 
agreement with the value obtained by 
the conventional method. The con- 
ventional data are presented in an 
S-N diagram, Fig. 14, for unnotched 
specimens. The endurance limits ob- 
tained by the Prot method for notched 
specimens using » = 0.5 were slightly 
lower than the value obtained by con- 

6 In the next section another method of ob- 
taining a value of n is discussed. The value of 
n = 0.55 was obtained for notched specimens 


by this method and the results will be dis- 
cussed in the next section. 


‘ 
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ventional methods for both starting 
stresses. However considering the sta- 
tistical variability of the endurance 
limit (11), it is not possible to determine 
accurately whether the difference be- 
tween the Prot and conventional results 
is really significant. 

The results for boron steel indicate 
that, like the SAE 2340 steel, the Prot 
method appears to be as reliable for 
notched as for unnotched specimens. 
The implication is that the Prot method 
is probably as applicable for testing 
odd-shaped complex machine members 
as for laboratory specimens. 
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From Tables II and III it will be 
noted that the boron steel is a very 
hard, high static strength material. 
However the fatigue strength does not 
reflect this tendency. Photomicrographs 
of the cross-section of the specimen at 
the surface showed that the surface 
layer was slightly decarburized. Pre- 
sumably fatigue cracks develop in the 
decarburized surface layer and then 
spread to the higher strength interior 
with the aid of the stress concentration 
at the root of the sharp crack. This 
softer surface layer may also account 
for the relatively low notch sensitivity 
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For the notched specimens, the two 
starting stresses resulted in slightly 
different values of S.; however, for the 
boron steel the difference is so slight 
that it must be considered insignificant. 
It is interesting to note, by comparison 
of Figs. 12 and 13, that different starting 
stresses result in larger differences at 
higher values of a but the lines repre- 
senting the data tend to converge as a 
approaches zero. This tendency was 
found to exist for all materials; however, 
from a practical standpoint in deter- 
mination of the endurance limit, it has 
no apparent significance. 


exhibited by the notched specimens of 
boron steel. 


INTERPRETATION OF Prot DATA BY 
GENERAL METHOD OF LEAST SQUARES 


In order to avoid the necessity of 
employing conventional data to obtain 
a suitable value of » to be used in 
plotting the Prot data, it is desirable to 
consider the methods that require only 
the Prot data for a complete analysis. 
One such method is the “General 


Method of Least Squares Applied to a 
Nonlinear Formula” (12). This method 
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utilizes estimates of the constants S,., K, 
and » in Eq 2 to obtain corrections to 
these constants by the ordinary method 
of least squares. The corrections are 
obtained from an approximate formula 
which becomes more exact the smaller 
the values of the corrections. The suc- 
cessive application of this procedure 
results in corrections which rapidly 
become small compared to the con- 
stants S., K, and nm; thus the optimum 
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tained for the unnotched specimens 
(see Table IV) is somewhat higher than 
the value obtained by the conventional 
method. It appears that the two un- 
usually low points (a® = 0.17 in Fig. 15) 
influenced the value of m and S, con- 
siderably in this case. The value of S, 
computed for the notched specimens 
by this method is in excellent agreement 
with the value obtained by the con- 
ventional method. This procedure was 
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specimens = 


values may be obtained employing only 
the Prot data. 
This method was applied to the Prot 
data for steel 14B50. The data in Fig. 
11 for unnotched specimens and in Fig. 
12 for notched specimens using a 
starting stress of 35,000 psi were chosen 
_ for this study. The values of m obtained 
by this method were 0.717 and 0.55 for 
unnotched and notched specimens re- 
spectively. Diagrams of Sp versus a® 
using these values of are shown in Figs. 
15 and 16. The solid straight lines repre- 
sent the optimum fit of a straight line 
_ to the test data. The value of S, ob- 


Fic. cy Many Stresses Under Progressively Increasing Loading. 14B50 unnotched 
pst 


not applied to the notched specimens 
tested using a starting stress of 25,000 
psi. However the value of » = 0.55 
(obtained from notched specimens tested 
with a starting stress of 35,000 psi) was 
also used to plot the data for notched 
specimens that were started with op = 
25,000 psi. The results are shown in Fig. 
13 and the value of S, is listed in Table 
IV. The values of S, for both sets of 
notched boron steel specimens appear 
to be in closer agreement with the results 
of the conventional method when 
plotted using m = 0.55 than for n = 0.5. 

The advantage of this method is that 
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only the data obtained with progres- 
sively increasing loads are required; 
however, the method inherently assumes 
that the relation between S_ and a” is 
linear and that the distribution of the 
observed values of Sp about its mean is 
normal. As the assumptions made in the 
theory to arrive at a linear relation are 
empirical and not always borne out by 
experimental data (13), the usefulness of 
this procedure is restricted to those 
cases where Sp and a" can reasonably be 
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method allows measurement of the 
fracture stress, Sp, which is related to 
the endurance limit by Eq 2. Conse- 
quently the variation of the endurance 
limit is obtainable only indirectly from 
the variability of Sp. Prot originally 
suggested that the variation of Sp at 
different values of a may be constant 
and equal to the variation of S,. There 
are some data to indicate that the 
variation of Sg may be constant and 
approximately equal to that for the 


specimens (¢9 = 35,000 psi). 


assumed to be linearly related. From 
all of the data available (1, 14, 15, 16) it 
appears that for small values of a, the 
assumption of a linear relation is 
reasonable. The assumption of a normal 
distribution of Sg about the mean also 
appears reasonable, at least as a first 
approximation (14). 


Determination of the Standard Deviation 
from Prot Data: 


The statistical variability of the 
results of fatigue experiments makes 
knowledge of the expected variation of 
the endurance limit as important as 
knowledge of the mean value.’ The Prot 
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endurance limit obtained by the step-up 
method of fatigue testing (14). However, 
the various methods of determining the 
scatter of the endurance limit do not 
appear to give entirely consistent re- 
sults (11). 

In view of the lack of knowledge of the 
relation between the variation of S, and 
Sr, the standard deviation of Sp at 


7 By definition, the endurance limit stress 
is that stress at or below which fatigue fracture 
does not occur. However, when considering the 
scatter of experimental data, it is convenient to 
deal with the mean value and the standard devi- 
ation about the mean. The term “endurance 
limit’’ is used in this report to indicate the mean 
value. 
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a = 0 has been determined purely on the 
basis of statistics, assuming only that 
the two distributions are normal. The 
theory is an extension of the theory for 
obtaining the optimum values of S., K, 
and » by the method of least squares. 
The standard deviation of values of Sz is 
very closely related to the sum of the 
squares of the difference between the 
observed and estimated (optimum) 
values of Sp (17). 

This method applied to the data for 
boron steel gave results that are pre- 
sented in Figs. 15 and 16. In Fig. 15 the 
short dashes on the stress axis represent 
+ one standard deviation of S,, that is 
for Sp at a = 0. In Fig. 16 the dashed 
lines on either side of the solid line 
represent upper and lower bounds for 
one standard deviation from the opti- 
mum curve over a range of values of a. 
The values obtained for the magnitude 
of the standard deviation of S, are 
reasonable (11, 14); however, it should be 
noted that the standard deviation in- 
creases markedly (diverging dashed 
lines in Fig. 16) outside of the range 
covered by the experimental data. It 
appears that the value selected for the 
smallest a employed in testing has a 
pronounced influence on the value of 
standard deviation obtained for a = 0. 
That is, the standard deviation of S, 
will be increased if only larger values of a 
are used in the experiment. Thus the 
value of standard deviation obtained by 
this method depends upon the experi- 

mental design (choice of a) and may be 
larger than the true value. For the 
purpose of estimating the scatter, this 
result may be useful as it leads to an 
estimate that is on the safe side. 


CONCLUSIONS 


1. The Prot method of fatigue testing 
gives information about the endurance 
limit of the metal only. Consequently 


_ the method appears to be more promising 
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for ferrous metals with a well-defined 
endurance limit than for non-ferrous 
metals where the fatigue strength at a 
given life must be considered. 

2. The modified Prot theory in which 
the exponent » (in Eq 2) may be different 
for different metals, produces better 
agreement with conventional fatigue 
data than does the original Prot inter- 
pretation based on n = 0.5. 

3. The use of progressively increasing 
loads to obtain a reliable estimate of the 
endurance limit depends upon a knowl- 
edge of the appropriate value of m; its 
value may be approximately constant 
for a given material regardless of the 
shape of the specimen. Approximate 
values of m may be obtained from 
previous conventional fatigue data for 
similar metal using log N versus log 
(S — S,) diagrams and Eq 4. 

4. For ferrous metals the exponent 
was found to be reasonably close to 0.5 
(0.31 < m < 0.71) in all cases. For rapid 
estimation of the endurance limit, n = 
0.5 appears to give satisfactory results if 
a smooth curve is drawn through the 
data. However, such a procedure was 
unsatisfactory for 75S-T6 aluminum 
alloy. 

5. Various levels of starting stresses 
that are below the endurance limit lead 
to approximately the same value for the 
endurance limit. In general, lower start- 
ing stresses resulted in a slightly lower 
value of S.. This would indicate that an 
influence of repeated loading at stress 
levels below the endurance limit was 
present; however, the variations were 
relatively small except when the metal 
was susceptible to “coaxing.” 

6. For ferrous metals that are sus- 
ceptible to “coaxing,” the Prot procedure 
affords an opportunity for “coaxing” to 
occur which appreciably raises the esti- 
mated value of S. as compared to the 
value obtained by conventional method. 
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7. Endurance limits determined by 
progressive loading of notched specimens 
were in close agreement with the values 
obtained by the conventional (constant 
stress amplitude) method. This indi- 
cates that the Prot method may be 
applicable to members of any shape in- 
cluding full-sized structures. However, it 
is doubtful that the Prot method will 
give reliable results in instances where en- 
vironmental conditions such as corrosion, 
erosion, or elevated temperatures con- 
tribute to the initiation of fatigue cracks. 
The short-time nature of the test pre- 
cludes the complete development of 
detrimental conditions that are func- 
tions of time. 

8. The method of least squares has 
been applied to some of the data to 
estimate the optimum values of the 
constants, S., K, and m in Eq 2, and the 
standard deviation of the fracture stress 
extrapolated to a = O (and hence of 
S.) employing only Prot data. This 
method gives reasonable estimates of the 
constants and variability of S, in the 
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cases investigated. However, due to lack 


of comparable data for standard a 


viation obtained by other methods, the 
reliability of these results is not known. 
The estimate of variability depends upon 
the smallest value of a used in the ex- 
periments and may overestimate the 
statistical variation in endurance limit 
if this value of a is reasonably large. 


Acknowledgment: 


This investigation has been conducted 
in the research laboratories of the De- 
partment of Theoretical and Applied 
Mechanics as part of the work of the 
Engineering Experiment Station, Uni- 
versity of Illinois, in cooperation with the 
Office of Naval Research, U. S. Navy, 
under Contract N6-ori-071(04). This 
paper summarizes the results of the 
work contained in Technical Reports 
Nos. 34 and 35. The contributions made 
to this research by A. P. Boresi (5) 
and Masaki Sugi (6) and the assistance 
of G. L. Lovestrand in preparing the 
illustrations are gratefully acknowledged. 


REFERENCES 


(1) E. Marcel Prot, “Fatigue Testing Under 
Progressive Loading; A New Technique for 
Testing Materials,” Revue de Meiallurgie, 
Vol. XLV, No. 12, p. 481 (1948). English 
translation by E. J. Ward, WADC Tech- 
nical Report 52-148, Wright Air Develop- 
ment Center, Sept., 1952. 

(2) D. L. Henry, “Prediction of Endurance 
Limits Using Linearly Increasing Loads,” 
Unpublished Report, March 10, 1951. . 

(3) W. Weibull, “Statistical Representation of 
Fatigue Failures in Solids,” Kung] Tekn. 
Hogsk. Handlingan No. 27, 1949. 

(4) M. A. Miner, “Cumulative Damage in 
Fatigue,” Transactions, Am. Soc. Me- 
chanical Engrs., Vol. 67, pp. A-159-164 
(1945). 

(5) A. P. Boresi and T. J. Dolan, “An Ap- 
praisal of the Prot Method of Fatigue 

Testing, Part I,” Tech. Report 34, ONR 

Project NR-031-005, Theoretical and 

Applied Mechanics Dept., University of 

Illinois, January, 1953. 


(6) H. T. Corten, Todor Dimoff, T. J. Dolan, 
and Masaki Sugi, “An Appraisal of the 
Prot Method of Fatigue Testing, Part IT,” 
Tech. Report 35, ONR Project NR-031- 
005, Theoretical and Applied Mechanics 
Dept., University of Illinois, June, 1953. 

(7) G. M. Sinclair, “An Investigation of the 

Coaxing Effect in Fatigue of Metals,” 

Tech. Report No. 28, ONR Project NR- 

031-005, University of Illinois, March, 

1952; also Proceedings, Am. Soc. Testing 

Mats., Vol. 52, p. 743 (1952). 

Fatigue Manual, Am. Soc. Testing Mats., 

p. 35 (1949). (Issued as separate publica- 

tion ASTM STP No. 91). 

(9) A. G. Worthing and J. Geffner, “Treatment 
of Experimental Data,” John Wiley and 
Sons, Inc., New York, N. Y., pp. 239-243 
(1943). 

(10) T. J. Dolan, F. E. Richart, Jr., and C. E. 

Work, “The Influence of Fluctuations in 

Stress Amplitude on the Fatigue of Metals; 

Part I,” Seventh Progress Report, and 


(8 


393 


s 
> 
} 


Part II, Ninth Progress Report, ONR, 
Project NR-031-005, University of Illinois 
(1948). Also Proceedings, Am. Soc. Testing 
Mats., Vol. 49, p. 646 (1949). 

Symposium on Statistical Aspects of 
Fatigue, Am. Soc. Testing Mats. (1951). 
(Issued as separate publication ASTM 
STP No. 121.) Symposium on Fatigue 
with Emphasis on the Statistical Approach, 
II, Am. Soc. Testing Mats. (1952). (Is- 
sued as separate publication ASTM STP 
No. 137.) 

J. B. Scarborough, “Numerical Mathe- 
matical Analysis,” Second Edition, Johns 
Hopkins Press, Baltimore, Md., pp. 463- 
465 (1950). 


(13) T. J. Dolan and H. F. Brown, “Effect of 


Prior Repeated Stressing on the Fatigue 
Life of 75S-T Aluminum,” Technical 
Report 29, ONR Project No. NR-031-005, 
University of Illinois, April, 1952. Also 


oe” 
& 


(14) 


(15) 


(16) 


(17) 


CorTEN, Dimorr, AND DOLAN 


Proceedings, Am. Soc. Testing Mats., 
Vol. 52, p. 733 (1952). 

E. J. Ward and D. C. Schwartz, “Investiga- 
tion of Prot Accelerated Fatigue Test,” 
WADC Technical Report 52-234, Ma- 
terials Laboratory, Wright Air Develop- 
ment Center, November, 1952. 

E. Marcel Prot, “Essais de Fatigue sous 
charge progressive, Etude de la dispersion 
des résultats,” Révue Générale de Mé- 
canique, Janvier, 1953. 

F. B. Stulen and W. D. Lamson, “Pre- 
liminary Report of the Progressive-Load 
Method of Fatigue Testing,” Unpublished 
report, Curtiss-Wright Corp., Propeller 
Div., April, 1951. 

N. Arley and K. R. Bush, “Introduction 
to the Theory of Probability and Statis- 
tics,” John Wiley and Sons, Inc., New 
York, N. Y., Article 6.5 and Chap. 12 
(1950). 


4 


— 
= 
. 
é és ‘ 
‘ as 
=? 
< 
4 
wa ape he 
| an 1 \,. 


Ve & 


TRE 


Mr. E. J. Warp! (presented in written 


form).—The most important advantage 


of the Prot method is that every test re- 
sults in a failure. As the authors have 
pointed out, at the low loading rates the 
numbers of cycles and times required are 
comparable to conventional fatigue test- 
ing. The low loading rates appear to us 
to be the most desirable to use so as to 
reduce the effect of any errors in extra- 
polating and to eliminate any effects of 
internal heating or plastic deformation, 
which may occur at high loading rates. 
Therefore, the time to conduct each test 
is not appreciably less in the Prot 
method. But, as the authors have also 
pointed out, the scatter in the endurance 
limit can be determined with the use of a 
relatively few specimens. The desire to 
determine the endurance limit of each 
component tested led the propeller manu- 
facturers to step up the stress and retest 
the component again until failure oc- 
curred. This resulted in a stepwise Prot- 
type test which was used even before 
Prot published his method. It appears 
that the Prot method can be used to 
advantage for comparative fatigue tests 
even if the true mean endurance limit (or 
fatigue strength at a large number of 
cycles) cannot be predicted. An example 
of this is an investigation conducted in 
the Materials Laboratory of the Wright 
Air Development Center. It was desired 
to determine the optimum bumping pres- 
sure for flash welding a titanium alloy. 
Three groups of fatigue test specimens 


1 Chief, Fatigue and Creep Rupture Section, 
Materials Laboratory, Wright Air Development 
Center, Dayton, Ohio. 


were manufactured using a high, inter- 
mediate, and low bumping pressure, 
respectively, in the welding process. Prot- 
type tests were run, using the same 
starting stress and loading rate for all 
three groups. No attempt was made to 
predict the endurance limit, but the 
average failure stresses and statistical 
variations were compared and the pres- 
sure to be used chosen on the basis of the 
highest average and least scatter. If 
caution is used, the Prot method is ap- 
parently a very useful tool in such in- 
vestigations. 

Mr. Frank A. McC iintocx.2—The 
authors’ first conclusion stated that the 
Prot method gives information only 
about the endurance limit. While this is 
true as Prot’s theory stands, the finite 
life portion of the curve can be back- 
calculated, using Henry’s theory. Let 
So be the starting stress and v the number 
of cycles, so that 


Now if 
N = k(S—S,.)-™ for S>S., 


N = forS < S.....(2) 
then from Miner’s hypothesis, 


ds 

[ ak(S — S.)-™ 
= 1 
(m + 


(Sr om (3) 


2 Assistant Professor of Mechanical Engineer- 
ing, Massachusetts Institute of Technology, 
Cambridge, Mass. 
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Hence, letting n, 


dSp/da® = (k/n)*.......... (4) 


Thus if ~ and S, can be found from Prot 
data, k can be found from the slope, and 


_ N can be calculated for ordinary tests at 
_ any S from Eq 2. 


An alternative analysis may be based 
150 000 
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When these data are applied to estimate 
the ordinary S-N curve from Prot data, 
the results are rather mixed. For instance, 
for the 14B50 steel unnotched specimens, 
the various results are as shown in the 
accompanying Fig. 17. Note the strong 
dependence on the value of ». As shown 
below, it appears doubtful that the values 
of 0.456 and 0.717 for nm in Eq 4 are sig- 


130 000 \ 


Curve of Fig.14 
4 n=0.717 Se268000 — 
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Fic. 17.—S-N Curves for 14B50 Steel Unnotched Specimens. 


on the assumption that 


NS™ =k for S>S., 


N = @ for S < Sq... .(5) 


Then 


Sk dS Spmti — 
Hence, letting 1/(m + 1) = n, a plot of 
Sp” versus a should be a straight line, 
and k can be estimated from its slope: 
_ k 
da 


dy 
N 


. (6) 


nificantly different. For other materials, 
the estimates of the ordinary S-N curve 
from the Prot data are sometimes better 
and sometimes worse than for the 14B50 
steel. Thus Prot data can give some idea 
of the finite life part of the S-N curve, 
even though they would not normally be 
used for that purpose. 

One point in the statistical interpreta- 
tion of the data may require clarification. 
The standard deviation shown in Fig. 16 
is the standard deviation of the estimate 
of the mean rupture stress, og, . Its value 
ata = Ois the standard deviation of the 
estimate of the mean endurance limit, o- . 
Individual specimens have endurance 
limits which vary about the mean en- 
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durance limit, and this variation may be 
described by its standard deviation, oc. 
The authors assumed in making the es- 
timates shown in Fig. 16 that the stand- 
ard deviation of rupture stresses about 
the mean line was independent of a and 
hence equal to a. The estimate of ¢ is not 
affected by the choice of a minimum 
value of a, although o, , the standard de- 
viation of the estimate of the mean en- 
durance limit, is so affected. It happens 
that these two quantities were almost the 
same for the data of Fig. 16, namely 
a. = 4900 psi and ¢ = 4350 psi. Thus the 
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example from conventional data, the 
standard deviation of the estimate of the 
endurance limit is much easier to obtain, 
namely, 


t=1 


where r is the number of points.’ In 
Table V, 95 per cent confidence limits for 
the mean endurance limit estimated from 
this expression are also given. Although 
these limits are smaller, it is still not 
possible to draw definite conclusions re- 


TABLE V.—CONFIDENCE LIMITS FOR EXPONENTS AND ENDURANCE LIMITS. 


| Stendasd 
Deviation ‘iden 
Starting of onhidence 
Material Specimen Type | Stress, Exponent Endurance Limit, psi = Limits for 
psi Limit, «, |, Endurance 
a Limit with n 
P Known, psi 
75S-T6 Aluminum] 
pO ae Unnotched |20 000} 0.16 + 0.14 | 18 000 = 20 000 2600 + 2600 
Ingot Iron B..... Unnotched |10 000) 0.36 + 0.92 | 26 000 = 20 000 1500 + 4000 
Ingot Iron A.....| Unnotched |10 000) 1.07 + 0.84 | 38 000 = 1800 1500 + 1400 
14B50 Steel... ... Notched 35 0.56 + 39 000 = 11 000*| 4400 +3000 


* Based on first approximation. Confidence limits may be about 15 per cent too broad. 


conclusions about the reasonableness of 
the standard deviation of the endurance 
limit still hold, even though the concern 
about its dependence on a is unfounded. 

While the conclusions regarding coax- 
ing seem reasonable a priori, they are not 


. established by the data. Using Sugi’s in- 


teresting statistical analysis, the results 
shown in the accompanying Table V are 
obtained. The 95 per cent confidence 
limits for the exponent and the mean 
endurance limit are taken to be twice the 
standard deviations of the estimates of 
these quantities. The limits for the mean 
endurance limit are so broad that no 
conclusions regarding coaxing can be 
drawn. As for the values of the expo- 
nents, neither those chosen by the authors 
nor, except in the case of aluminum, the 
value 0.5 can be disproved. 

When the exponent m is known, as for 


garding the effect of coaxing on the 
mean endurance limit. On the other hand, 
there is little doubt that at high values 
of a there is a dependence of Sz on oo. 

The authors have done a real service in 
showing how, with the Prot method, an 
estimate of the precision of the results 
can be obtained even with relatively few 
specimens. While the endurance limit so 
determined may not be in exact agree- 
ment with that obtained from ordinary 
tests, neither method can be claimed su- 
perior to the other for estimating service 
performance where the loads are varying 
in an irregular manner. By the time serv- 
ice performance can be related to either 
type of data, it can be related to both, 
since they are both special cases of 
loading histories. 

3 W. J. Dixon and F. J. Massey, “Introduc- 
tion to Statistical Analysis,’”” McGraw-Hill Book 


Co., Inc., New York, N. Y., p. 158 (1951). 
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Fic. 18.—Failure Stress of 24 S-T 4 Aluminum as a Function of Loading Rate (psi per cycle) to 
the Power n for n = 0.5 and nm = 0.158. 
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Fic. 19.—Failure Stress of Mild Steel as a Function of Loading Rate (@ psi per cycle) to the 
Power n for nm = 0.5 and nm = 0.125. 
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Mr. B. J. Lazan.t—There has been 
considerable discussion recently regard- 
ing the reliability and usefulness of the 
Prot-type method for fatigue testing and 
the authors have contributed signifi- 
cantly towards clarifying this matter. 
Since recent work at Minnesota partially 
confirms and supplements some of the 
data reported by the authors, a few of 
the Minnesota results are reviewed 
below. 
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This observation and the resultant con- 
clusion regarding the unreliability of the 
Prot method for this type of material 
also confirm the authors’ finding. 

The authors in their conclusions state 
(a) that the Prot method appears to be 
more promising for ferrous metals and 
(b) that a modified approach, in which a 
value of exponent n is selected to produce 
the straightest line, results in better 
agreement with conventional fatigue 


of Stress. 


Specific Damping Energy, in-Ib per cuin. per Cycle 


Numbers on Curves Identify Damping Lines ~ 
After 10'> =20, 10% =100,; 103=1000, etc, Cycles 


€s) Indicotes Fatigue Strength at 2x10’ Cycles 


Amplitude of Reversed Stress, psi 
Fic. 20.—Specific Damping Energy of Various Materials as a Function of Amplitude of Reversed 


Stress. 


Failure stress curves for 24S-T4* are 
shown in the accompanying Fig. 18. 
The similarity of this figure and the 
authors’ Fig. 2 is apparent. The value of 
nm which results, statistically, in the 
straightest line for failure stress is 0.158, 
as compared to the authors’ value of 
of 0.178. Furthermore, the strength 
(18,000 psi) predicted by the n = 0.158 
line is substantially lower than the 
fatigue strength of the material (27,000 
psi) found by conventional fatigue tests. 

‘Professor of Materials Engineering, Uni- 
versity of Minnesota, Minneapolis, Minn. 

5B. J. Lazan and F. Vitovec, Status Report 
53-2 to Wright Air Development Center for 


Contract AF 33(038)-20840 and AF33(616)-88, 
April 1, 1953. 


data. Although the Minnesota work is in 
general agreement with these observa- 
tions (for example, the Prot method was 
found very reliable for 4340 steel), it is 
important to realize that there may be 
exceptions. For example, Fig. 19 shows 
that for mild steel® the modified Prot 
approach (which gives an exponent n of 
0.125) predicts a fatigue limit of 18,000 
psi, which is substantially below that 
(34,000 psi) determined by conventional 
fatigue tests. 

One of the objectives of the Minnesota 


®B. J. Lazan and F. Vitovec, Status Report 
53-3 to Wright Air Development Center for Con- 
tract AF 33(038)-20840 and AF33(616)-88, 
June 1, 1953. 
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coaxing effects and their relationship to 
Prot starting stress. The approach being 
used is to attempt to relate the stress be- 
yond which coaxing effects occur to the 
cyclic stress sensitivity limit deter- 
mined from damping energy studies. This 
work is briefly discussed below. 
If the specific damping energy ab- 
3 sorbed by a material’ is plotted as a func- 
tion of stress, then curves similar to those 
shown in Fig. 20 result. Tests on ap- 
proximately twenty materials and tem- 
peratures indicate that: 
1. At low stress damping is inde- 
_ pendent of number of stress cycles. 
2. At high stress damping is affected 
_ by number of cycles. Damping may 
either decrease or increase (compare, for 
_ example, magnesium and mild steel in 
ii ig. 20) and in some cases the change 
_ may be very large (increases as large as 
30 times and reductions as large as 99 
per cent having been observed at the 
fatigue strength). 
3, The point below which no stress 
history effects are observable and above 
- which damping may change with number 
of stress cycles has been labeled the 
“cyclic stress sensitivity limit” for damp- 
ing (see solid dots in Fig. 20 and ““CSSL” 
mild steel curve). 
4. All metals studied to date display 
a cyclic stress sensitivity limit. These 
occur at from 33 to 1.06 per cent of the 
fatigue strength at 2 X 10’ cycles. How- 
ever, all but four (of twenty) cases fall 
in the range from 45 to 90 per cent, the 
average location being at 80 per cent. 
The Minnesota work is attempting to 
determine if coaxing effects are confined 
to stresses above the cyclic stress sensi- 
tivity. To date a 24S-T4 aluminum 
alloy and 1020 steel have been partially 


7B. J. Lazan, “Fatigue Failure Under Reso- 
nant Vibration Conditions,’’ Wright Air Devel- 
opment Center Technical Report 54-20, March, 


program on the Prot approach is to clarify: 
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studied, and these metals show no sig- 
nificant difference in Prot strength 
whether the starting stress is zero or the 
cyclic stress sensitivity limit. Work is 
now in progress at starting stress be- 
tween the cyclic stress sensitivity limit 
and the fatigue unit. 

Messrs. H. T. Corten, T. Duworr, 
AND T. J. Dotan (authors’ closure).—The 
authors wish to thank the discussers for 
their comments and contributions. 

Mr. Ward has suggested a connection 
between the step-up method and the 
Prot method of fatigue testing with which 
the authors concur. As a comparison type 
of test, the step-up method possesses 
several desirable characteristics. How- 
ever, as Mr. Ward cautions (and the 
Prot analysis suggests) the fracture 
stresses obtained by the step-up method 
may be slightly higher than the endur- 
ance limit obtained from conventional 
tests. Only if coaxing is absent and 
the number of cycles in each step is 
sufficiently large (possibly 10’ cycles), 
does it appear reasonable to expect that 
the fracture stress data obtained from 
the step-up method will agree with the 
endurance limit obtained from conven- 
tional tests. 

Mr. McClintock has demonstrated 
clearly, by employing Henry’s analysis, 
that the finite life portion of the S-N 
diagram may be determined approxi- 
mately by using only progressively 
increasing load data. The authors con- 
clusions that “the Prot method gives in- 
formation about the endurance limit 
only” was intended to emphasize the fact 
that the primary usefulness of the Prot 
method is to concentrate all of a limited 
number of specimens upon obtaining in- 
formation about the endurance limit. As 
there are now in use a number of meth- 
ods of planning, running, and analyzing 
fatigue experiments, each developed to 
take advantage of special features of the 
experiments, it seems desirable, even 
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necessary, to make the advantages of the 
various methods entirely clear. 

In his discussion of the significance of 
the standard deviation of the endurance 
limit, Mr. McClintock has emphasized 
the difference between the standard de- 
viation of the rupture stresses, og, at the 
various values of a, and the standard de- 
viation at various values of a of the line 
of best fit (based on a least square anal- 
ysis. In the analysis, the standard de- 
viation of Sp was assumed to be constant 
for all values of a. With this information 
the line of best fit was computed by the 
least square analysis. This procedure 
gives the most probable line. Other lines 
of smaller probability are possible, and 
the dashed lines in Fig. 16 indicate the 
bounds of one standard deviation on the 
position of these lines. The reason that 
this band became wider at the ex- 
termities of the data (high and low values 
of a) becomes clear by considering that 
for a given value of m, two degrees of 
freedom of position of the line remain, 
vertical translation up or down and rota- 
tion about the mean value of a and Sz. 
As some uncertainty exists as to the 
mean value of Sp and also the slope of the 
line, limits of one standard deviation, 
including both of these uncertainties, 
lead to a wider band at the extremities. 
Thus, the reliability of the estimate of 
the mean endurance limit (68 per cent 
confidence limits on mean) is indicated 
by the standard deviation of S, and 
varies with a as indicated by the dashed 
lines in Fig. 16. The scatter of the frac- 
ture stress data is the only indication of 
the standard deviation of the endurance 
limit that is possible based on this 
analysis. 

The authors agree with McClintock’s 
contention that the influence of coaxing 
has not been proved statistically. How- 
ever from the practical point of view of 
one who wished to use the Prot method, 


the influence of coaxing is evident in the 
data for ingot iron. 

The rather broad confidence limits, 
even when is assumed to be known, 
serve as a useful reminder of the degree 
of reliability that can be attached to the 
results. 

Recently, evidence has been obtained*® 
that indicates that the coaxing phe- 
nomenon may be very sensitive to 
small temperature changes. Since the 
ingot iron, when tested at the higher 
values of a, heated a noticeable amount 
(150 F), it is likely that the influence of 
coaxing was different at different values 
of a. However, at the present time it is 
not possible to predict time-temperature- 
stress combinations that result in the 
maximum influence of coaxing in a pro- 
gressively increasing load experiment. 
This, plus the difficulty of establishing 
the influence of coaxing on a statistical 
basis, increases the complexity of the 
study of the relation between coaxing 
and the cyclic stress sensitivity limit 
mentioned by Lazan. From the studies 
of, the coaxing or strain aging phenom- 
ena® that have been made it appears 
that repeated localized slip, which nor- 
mally leads to the initiation of a fatigue 
crack, is inhibited or entirely stopped due 
to the diffusion of carbon and nitrogen 
into these regions. If the damping that 
Lazan is studying is also associated with 
localized slip, it appears that the two 
phenomena may be related. However as 
the damping in many low carbon steels 
apparently increases with numbers of 
cycles, and strain aging and inhibition of 
slip are also believed to increase with 
number of cycles, the relation between 
coaxing and damping may be very 
complex. 

8 Unpublished work of F. Rally and G. M. 
Sinclair at the University of Illinois. 

C. Levy and G. M. Sinclair, Investi- 
gation of Strain Aging in Fatigue” Technical 


Report 39, ONR Project NR-031-005, T.A.M. 
Dept., University of Illinois, Urbana, Ill. (1954). 
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The authors were gratified to hear that 
the work at Minnesota on 24S-T6 alu- 
minum and SAE 4340 steel confirms the 
results presented in this paper. The re- 
sults for the mild steel are the first in- 
stance that the authors have encountered 
in which the agreement was so poor for 
a ferrous metal. In this connection it is 
interesting to note that the value » = 
0.125 is unusually small. Employing con- 
ventional data and Henry’s analysis the 
average value of » that the authors en- 
countered was approximately 0.4, and 
the smallest value was approximately 
0.3. These values of m do not produce 
appreciably different estimates of the 
endurance limit from » = 0.5 as may be 
observed from Figs. 7 and 8. In Fig. 19 
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it appears that if the curve for n = 

were extrapolated to a" = 0, the nae 
of the Prot and conventional data would 
be in good agreement. This would likely 
be true for m = 0.4 also. In those cases 
where a small value of m has been re- 
quired to obtain a linear relation be- 
tween Sz and a”, the agreement between 
the Prot and conventional data has not 
been satisfactory. On the other hand 
when the Sq versus a” relation exhibits 
marked curvature, extrapolation is very 
uncertain. Consequently it appears that 
a value of m from 0.3 to 0.5 may be gen- 
erally usable for a ferrous metal and 
affords reasonable agreement insofar as 
can be determined from all of the avail- 
able data. 
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In 1950, the Bureau of Aeronautics, 
Department of the Navy, became 
seriously concerned regarding the cause 
of several in-flight accidents of attack- 
type airplanes which could not be satis- 
factorily attributed to the usual causes 
for such accidents. It was determined 
that, during the performance of dive- 
bombing and rocket-launching maneu- 
vers, squadrons operating these airplanes 
were frequently exceeding flight restric- 
tion limits. It was found that some of 
these airplanes had exceeded design limit 
load conditions as many as twenty times. 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

+ The statements and views expressed in this 
paper are those of the authors and are not to be 
construed as official or necessarily representing 
the views of the Bureau of Aeronautics, Depart- 
ment of the Navy. 


1 Airframe Design Division, Bureau of 


Aeronautics, Department of the Navy, Wash- 
ington, D 


_ INVESTIGATIONS CONCERNING THE FATIGUE OF 
AIRCRAFT STRUCTURES*} 


By Rosert A. Cart! AND THomas J. WEGENG! 


SYNOPSIS 


The loads imposed on the structures of combat military airplanes during 
maneuvering flight are sufficiently high to require consideration of the like- 
lihood of a major fatigue failure occurring during the service life of the air- 
plane. The Bureau of Aeronautics has sponsored laboratory investigations 
regarding the fatigue characteristics of three designs of naval airplanes during 
the past three years. S-N curves for certain major structural components of 
these airplanes have been determined and in one instance a modification was 
developed to increase the fatigue life of a wing structure. The results of an in- 
vestigation of the cumulative damage effect of a spectrum loading on an aircraft 
_ outer wing panel are presented. An. analysis of composite stress concentration 
_ factors present in several structural components is also included in this paper. 


alk. 


Accordingly, a project was initiated at 
the Aeronautical Structures Laboratory, 
Naval Air Material Center, to determine 
the effect of accelerations in excess of de- 
sign limit load on the service life of the 
structure. When it was found that several 
outer wing panels could be made avail- 
able for testing under this project, the 
load range was extended to include 
values below limit load so as to permit 
the accumulation of sufficient data to 
obtain an S-N curve for the outer wing 
panel of this attack-type airplane. 
Prior to completion of the repeated- 
load tests of this airplane, a crash of a 
piston-engine fighter airplane and the 
subsequent inspection of several similar 
airplanes awaiting overhaul indicated 
that fatigue might be a possible expla- 
nation for this crash. At that time these 
airplanes were being used for intensive 
training in ground-support tactics, and 
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it was standard practice to perform 
twelve or more rocket launching runs 
with pullout accelerations near design 
limit load conditions during each hour of 
flight. Accordingly, a large number of 
high load level pullouts were rapidly ac- 
cumulated by the airplanes. A test pro- 
gram was undertaken, therefore, for the 


dual purpose of obtaining information 

concerning the capability of the wings 

of this type of airplane to withstand re- 
peated applications of loads representing 
high-acceleration pullouts and of deter- 
“mining the structural change to the wing 
center section required to increase the 
useful life of the airplanes. 

The question then arose concerning 
the fatigue characteristics of the wing 
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Fic. 1.—Typical Test Setup for Applying Loads to Aircraft Wing Test Specimens. 


structures of the more modern jet-type 
aircraft. The trend in recent years has 
been constantly toward aircraft struc- 
tures having increased mean stress levels, 
and this trend, viewed in the light of the 
test results obtained under the two 
previous programs, indicated that fatigue 
might be a serious factor in the operation 


of jet-engine fighters. It was possible to 
obtain twelve outer wing panels for this 
type of airplane, and tests were per- 
formed to determine an S-N curve for 
this structure and to obtain information 
concerning Miner’s cumulative damage 
ratio. 


TEst PROCEDURE 


All the test specimens used in these 
investigations were complete aircraft 
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wing structures or portions of a wing 
such as the outer wing panel (that is, the 
portion outboard of the wing fold line) 
that were believed susceptible to fatigue 
failure. In all tests the specimens were 
mounted in a manner that duplicated 
the root-end restraint of the structure as 
mounted on the airplane. Beam bending 
loads were applied to the test specimen 
through a tension-patch, whiffletree, 
and hydraulic-jack loading system, and 
chordwise loads were applied through 
felt-lined straps cemented to the panel at 
appropriate spanwise intervals. Figure 
1 shows a typical test setup of this type. 
For static tests, the loads were applied to 
the hydraulic loading system by means 
of hand-operated pumps. For repeated- 
load tests, these pumps were replaced by 
motor-driven pumps, and the loads were 
controlled by a calibrated tension loop, 
equipped with upper and lower load 
limit microswitches which operated a 
solenoid-controlled, hydraulically-actua- 
ted by-pass valve. By this means the load 
was automatically cycled between the up- 
per and lower load limits for the test being 
performed. All the tests were conducted 
with the lower stress level held constant 
at a value corresponding to a load of 
1 g, and the value of the upper load level 
was varied from panel to panel. The 
frequency of loading varied from approxi- 
mately 4 cpm at 60 per cent limit load 
to 2 cpm at 120 per cent limit load. 

All test loads applied to the test 
specimens were determined from the 
design loads for the basic airplane. The 
term “design limit load,” or simply 
“limit load,” defines the load, or com- 
bination of loads, which establishes the 
strength level required of a structure to 
permit the aircraft to perform safely 
certain specified maneuvers. Airplanes 
usually are designed to support 1.15 
times limit load without yielding and 1.5 
times limit load without failure. Thus, 
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the stress level in a critical member or 
members of the structure at limit load 
is approximately 67 per cent of the 
ultimate strength of the material of that 
member or those members. Accordingly, 
it is possible to use the term limit load to 
define the general stress level in a struc- 
ture and to plot cycles-to-failure curves 
for the structure using this parameter 
as the ordinate in the graph. This pro- 
cedure is followed throughout this paper. 


Test PROGRAMS AND RESULTS 
Piston-Engine Attack Airplane: 


The first test program utilized outer 
wing panels from a _ piston-engine, 
propeller-driven, low-wing attack air- — 
plane. It is referred to hereinafter as an 
attack airplane and in the tables and 
figures it is designated the PA airplane. 

The testing condition chosen for this 
program was representative of a positive 
low angle of attack (c.g. aft) pullout in 
which one of the 500-lb bombs mounted 
on the wing racks had been dropped, but 
the bomb on the opposite wing had not, 
thus requiring a small amount of aileron 
displacement to maintain symmetrical 
flight. The normal gross weight of the 
airplane was used in computing the 
applied loads so that the 100 per cent 
limit load condition represented an 
acceleration of 7 g. 

A static test was first performed to 
determine the static strength of the 
outer wing panel under these loading 
conditions. The failure occurred when 
154 per cent limit load was applied. The 
failure apparently originated in the lower 
wing skin immediately aft of the main 
beam at station 160 and was followed by 
a tension failure of the lower main beam 
capstrip at station 162. These station 
numbers refer to spanwise locations on 
the wing measured in inches from the 
center line of the airplane. 
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_ TABLE I—SUMMARY OF RESULTS OF REPEATED-LOAD TESTS OF ATTACK AIR- 
PLANE WING OUTER PANELS. 


Upper Load Level 


Per cent 
of Limit 
Lead 


Cycles 


Initial 


Complete 
Failure, 
Cycles 


Remarks*® 


10.5 


154 


Not ob- 
served 


Static test panel. Skin failed at 
station 160. Spar failed at sta- 
tion 162. 


No. 2.....| 8.4 


120 


800-994 


1046 


| Lower surface skin failed in ten- 


| sion at station 160 of the outer 
: | wing panel. Skin crack was first 


noticed at 994 cycles. Panel was 
previously inspected at 800 cycles 
and no cracks were visible. 


No. 3..... 7.7 


110 


690 


Main beam web buckled in region 


| of station 150. Upper and lower 


spar caps cracked horizontally 
in this region. Failure was com- 


plete. 


2302 


Lower spar cap failed in tension at 
station 158. 


1898 


Lower spar cap failed in tension at 
station 147. Lower spar cap 
cracked but history of the crack 
is unknown. Crack was first 

| noticed at 1898 cycles. 


No. 6..... 


110 


1005 


1272 


Lower spar cap failed in tension at 
station 162. Spar cap cracked 
but history of the crack is un- 
known. Crack was first noticed 
after 1174 cycles. 


1738 


1238 


Lower spar cap failed in tension at 
station 147. 


3665 


Lower spar cap failed in tension at 
station 181.5. 


No. 9....| 5.6 


80 


Test was discontinued after 6500 
cycles were applied. 


a 


* Panel was modified to include gun installation. 
+’ Not known when crack first appeared. 

* Did not occur up to 6500 cycles. 
4 Did not occur prior to complete failure. 
* Station numbers represent spanwise locations on wing measured in inches from wing centerline. 


Repeated-load tests were then per- 
formed with one panel at a time installed 
on a wing center section which was used 
as a mounting jig. A total of nine ouser 
wing panels, including the static test 


nel, were tested in the program and the 
pe P 


data obtained are shown in Table I and 
graphically presented in Fig. 2. Re- 
peated-load tests were performed on 


eight of 
1 g (14 


100, 110, and 120 per cent limit load. 


the panels at loads varying from 
per cent limit load) to 80, 90, 


| 
Horizontal 
Pa — 
Lower Spar 
4 
No. 5.....| 7 100 3430 | 
| | 
No. 8.....| 5.6 80 6660 8178 
=) 


On FATIGUE OF AIRCRAFT STRUCTURES 


15S static Strength = 154 per cent Design Limit Lood 

150 

130 
8 a © Visual Spor Cap Crack i = 
Skin Crack 
£ 120 ° 4 Complete Wing Failure 
5 110 
* Note: Two Points; Note: Two Dato Points, 
2 Coincide Here “S) Coincide Here 
4 100 
2 
90 
a 
> 3 

80 

100 1000 10000 100000 
Cycles to Failure 
Fic. 2.—Repeated-Load Tests of Attack Airplane Outer Wing Panels. >. 


Fic. 3.—Location of Fatigue Crack in Attack Airplane Wing Spar Cap. 
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Fic. 4.—Typical Final Fatigue Failure of Attack Airplane Wing. 


Fic. 5.—Variation in Final Fatigue Failure Location of Attack Airplane Wing Spar Cap. op 
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It will be noted that the first six panels 
are structurally similar while panels 7 
and 8 differ slightly in that they were 
modified to adopt different rocket 
launching racks. Panel 9 was modified 
to include a cannon installation in ad- 
dition to the rocket launching racks. 
These modifications do not appear to 

TABLE II.—SUMMARY OF REPEATED- 
LOAD TEST DATA FOR THE ATTACK 
AIRPLANE CENTER SECTION LOWER 


HINGE FITTINGS INSTALLED ON AIR- 
PLANE. 


Starboard Fittings Port Fittings 
Upper Upper 
Center Load Load 
Section (Per N, (Per N 
Cent of cycles Cent of cycles 
Limit Limit 
Load) Load) 
eee 120 1046 100 3430 
110 696 110 1054 
90 2020 
3762° 44841 
ae 90 2282 110 218 
100 1620 
3902° 
No. 3 100 269 
80 8599 
8868° 
80 6079 


* Fitting No. 1 starboard, total plotted at 
102 per cent limit load in Fig. 6. 

Fitting No. 2 starboard, total plotted at 
94 per cent limit load in Fig. 6. 

¢ Fitting No. 3 starboard, total plotted at 
80 per cent limit load in Fig. 6. ‘ 

4Fitting No. 1 port, total plotted at 102 
per cent limit load in Fig. 6. 


have had an appreciable effect on the 
fatigue life of the panels since the data 
from the tests fall within the scatter 
band for the other panels. It is apparent 
from these data that the lower spar cap 
crack would be the first indication of 
fatigue damage. This would be followed 
by cracking of the tension skin and then 
by total failure of the panel. Figure 3 is 
a photograph of the lower capstrip of the 
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outer wing panel showing the location of 
typical cracks induced by the repeated- 
load tests. A typical final failure of the 
wing is shown in Fig. 4, and Fig. 5 shows 
the variation in location of the final 
tension failures in the lower spar cap. 

During the performance of these tests, 
it became apparent that the wing center 
section lower hinge fitting was similarly 
subject to failure from fatigue. The data 
obtained from the failures of these 
fittings while installed in the wing center 
section are shown in Table II. It will 
be noted that most of these fittings have 
been subjected to tests at more than one 
load level; hence, the appropriate point 
to plot these data on an S-N curve may 
be open to some question. For Fig. 6, 
the composite load level was chosen by 
multiplying the number of cycles at each 
load level by the load level and dividing 
the sum of the products by the total 
cycles to failure. 

To supplement these data further, 
additional hinge fittings were tested 
under repeated-load conditions in a jig. 
The jig was designed to simulate the 
fitting installation in the wing center 
section. The plot of the data from the 
jig-mounted tests is contained in Fig. 6. 
For comparison purposes, the plot of the 
final failure of the outer wing panel is 
also shown in Fig. 6. It will be noted that 
these center section lower hinge fittings 
are probably more critica] than the outer 
wing panels for repeated applications of 
flight loads below 90 per cent design 
limit load. 


Piston-Engine Fighter Airplane: 


For the second test program, four 
piston-engine fighter airplanes were ob- 
tained for testing. These airplanes are 
referred to hereinafter merely as fighter 
airplanes and in the tables and figures 
are designated by the letters PF. Cracks 
in the spar web near the wing-fuselage 
juncture strongly suggested the possi- : 
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_ bility of fatigue as a cause for failures in 
_ the wing structure of this type of air- 
; _ plane, particularly in view of the re- 
peated-load test data being accumulated 
] at that time on the attack airplane. 

All of the test airplanes had been in 
_ service for a considerable period of time. 
_ As a consequence, the portion of the life 
_ of the structure which had been “used 
- during the service employment of 


= 


dition. Two of the airplanes had cracks 
in the main spar web (beneath web 
doubler plates) on both starboard and 
port sides extending upward and inboard 
for approximately 2 to 3 in. from the 
lower intersection of the wing and 
fuselage as shown in Fig. 7. The third 
airplane had a crack in the main spar 
web at approximately station 15, again 
measured in inches from the center line 


130 


120 


@ Lower Hinge Fitting 
Installed in Jig 


4& Lower Hinge Fitting 
Installed in Airplane 4 
@ Complete Wing Failure 


wo 


@ 


Upper Test Level, percent Limit Load 


100 1000 


the airplanes could only be estimated. 
An approximation of this service ex- 
perience was obtained from an analysis 
of the log book for each airplane. This 


was done by appropriately weighting 
_ each of the flight categories which in- 


volve high-acceleration maneuvers so as 
to obtain an approximation of the 
number of limit load] pull-outs experi- 
i enced by each airplane. The airplanes 
_ were tested in the “as-received” con- 


Cycles to Foilure 


Fic. 6.—Repeated-Load Tests of Attack Airplane Wing Center Section. 
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of the wing, extending approximately 9 
in. up from the fuel strainer inlet hole. 
The fourth airplane had no visible cracks 
in the spar web. In addition to these 
defects, there was rivet slippage of the 
skin attachment rivets along the upper 
and lower spar caps immediately out- 
board of the fuselage on all four air- 
planes. 

The test method employed for these 
tests was generally similar to that used 
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for the attack airplane with the excep- 
tion that loads were applied to the entire 
fighter wing rather than to the outer 
panel of one side only. The airplane was 
supported in the test jig at two points; 
the forward point was at the fuselage 
armor plate and the rear support was at 
the tail wheel axle. The fittings at these 
points, which were pinned to suitably 
braced columns, permitted the fuselage 
to roll and pitch but restrained it from 
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on the static strength of the airplane. 
Accordingly, repeated-load tests on the 
first airplane were stopped after 2003 
cycles and a static test was performed. 
The wing satisfactorily supported 143 
per cent limit load (9.0 g) and tests were 
stopped at this point. 

The second airplane was tested under 
repeated-load conditions. During cycle 
517, 18 rivets attaching the lower in- 
board skin to the lower capstrip sheared 


Fic. 7.—Crack in Spar Web of Fighter Airplane Prior to Initiation o! 
(Typical of Two Test Airplanes). 


yawing. The wing drag loads were re- 
acted at the arresting hook. Engine 
mount loads were applied through the 
engine mounts by the use of a blower 
housing. All repeated-load tests were 
conducted between limits of 1 g and 6.3 
g (100 per cent limit load). 

In addition to information concerning 
the ability of these airplanes to with- 
stand repeated applications of limit 
load, information was also desired as to 
the effect of the above-mentioned 
service-imposed structural discrepancies 


Tests 


and the corresponding rivets on the 
upper capstrip were slipped. In an 
attempt to load the structure for cycle 
518, the lower capstrip of the port wing 
failed about 5 in. outboard of the 
fuselage. The failure was then repaired 
and the port and starboard loads inter- 
changed. (Port side loads were slightly 
higher because of engine torque load- 
ing.) A static test was performed and 
failure occurred at 158 per cent limit 
load (9.95 g) through the section where 
the firewall (spar-web) crack occurred 
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in service. A third repeated-load test 
was then performed on another airplane 
with the failure occurring after 1484 
cycles of limit load at the same location 
where the static test failure occurred on 


the second airplane. This failure is shown 
in Fig. 8. 

A structural modification was then 
designed and installed on the airplane 
that had been tested first. Since it was 
not practicable to redesign this area of 


the wing to reduce the stress concentra- 
tion factor, the modification was de- 
veloped on the basis of reducing the 
stress level in the critical area. This 
modification consisted essentially of a 


Airplane. 


\Y% by 2%-in. SAE 4130 steel strap 
(150,000 psi tensile strength) extending 
along the aft side of the vertical leg of 
the lower capstrip from the landing 
gear rib on one side to a similar location 
on the other side and spliced at the air- 
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plane center line, and an externally 
mounted 4 by 2-in. 75S-T6 aluminum- 
alloy strap extending from the wing 
hinge to the side of the fuselage, plus the 
addition of numerous high-strength 
fastenings. 

This modification was subjected to 
2159 cycles of load when failure occurred 
through the lower capstrip and its steel 
reinforcement at the fuselage juncture. 


Fic. 9.—Original Structural Arrangement, Wing Center Section , Fighter Airplane, Unmodified. i. 


It is believed that this was caused by the 
stress concentration due to the abrupt 
termination of the lower skin and ex- 
ternal reinforcement at the side of the 
fuselage. 

Since this modification did not sig- 
nificantly increase the life of the wing 
structure, a second modification was 
designed and installed on the fourth test 
airplane. The primary changes in this 
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modification consisted of replacing the 
steel reinforcement by 144 by 2)%-in. 
75S-T6 bar, to provide a composite 
structure having a uniform elastic 
modulus, and making the external strap 
continuous through the fuselage. A 
portion of the original structure is shown 
in Fig. 9 while Fig. 10 shows the same 
area after incorporation of this modi- 
fication. 


This modification was considered 
satisfactory when it supported 9624 y 
cycles of 100 per cent limit load plus one 7 
static test to 130 per cent limit load and 
one static test to 140 per cent limit load 
in addition to the service-imposed loads. 
After a repeated-load failure occurred ~ 
on the port wing, the loads were inter- 


changed and a static test to destruction \ 
was performed on the starboard wing. 
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The failure occurred at a load of 154 per 
cent. Thus, although the neutral axis of 
the wing beam was shifted downward 
nearly 3 in. by the reinforcement of the 
lower capstrip, the static strength of the 
wing was not adversely affected to any 


_ appreciable extent. 


During the performance of these tests, 
two outer wing panels also failed, one 


of Modification IT. 


after 11,330 cycles of limit load plus four 
static tests and the other after 12,160 
cycles of load plus three static tests. 
Both outer panels were practically new 
at the start of the tests; one had less 
than 100 flight hours and the other was 
new, having been obtained from the 
spare-parts supply system. It is con- 
sidered that 11,000 to 12,000 cycles of 
limit load is representative of the life of 
new fighter-airplane outer wing panels. 
This value is within 10 per cent of 


the life of the reinforced center section, 
and therefore it is considered that a wing 
having an adequate fatigue life was de- 
veloped during these tests. 

Table III contains a brief summary of 
the data obtained from these tests. It 
will be noted that a reduction in the 
capstrip outer fiber stress at station 22 
of approximately 12,000 psi increased the 


Fic. 10.—Structural Arrangement, Wing Center Section, Fighter Airplane, After Incorporation 


life of the structure by a factor of over 
2.8. 

One further comment is due concerning 
the effect of the spar web cracks on the 
fatigue life of the structure since the 
presence of these cracks was one of the 
main reasons for authorizing these tests. 
These cracks were observed closely dur- 
ing the performance of the repeated-load 
tests on three of the airplanes. Two of 
the three tests resulted in failures 
remote from the cracked region. The 
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third airplane failed in the region of the 
crack after the incorporation of the 
first modification; however, the failure 
did not extend along the crack. In no 
case was there any apparent lengthening 
of the cracks due to the repeated-load 
tests. One static test failure occurred 
along the line of the crack, but the failing 
load was sufficiently high (158 per cent 
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TABLE III.—REPEATED-LOAD TESTS OF WING CENTER SECTIONS 
FIGHTER AIRPLANE. 


as a jet fighter in the text and identified 
by the letters JF in the tables and figures, 
was tested in the final program. By a 
fortunate circumstance (fortunate from 
the viewpoint of the test engineer), it was 
possible to obtain ten outer wing panels 
for this jet fighter airplane. Static tests 
had disclosed these panels to be under- 
strength and therefore unsuitable for 


— Number of Cycles 
el, Per |; ——| py Stimmated || Measured Stress | Indicated 
Type of Outer Panel tof. Esti- er) Cycles! “st Station 2% | Maximum Stress 
Limit Load*| Test | mated 
Service® 
Unmodified......... 158 1 | 2383 1(+2901) 
(+518) 
Unmodified......... 100 2003 | 2236 4239 35 000 psi? 
Unmodified......... 100 518 | 2383 2901 
Unmodified......... 100 1484 | 2800 4284 
Modification I...... 100 2159 | 2236 6398 31 000 psi* 
(+2003) 
Modification II..... 154 1 | 1188 1(+10 812)" 
(+9624) 
Modification II... .. 100 9624 | 1188 10 812" 20 000 psif 
23 000 psi? 


* 100 per cent limit load = 6.3 g. 


+ Equivalent number of cycles, 100 per cent design limit load. 
¢Spanwise wing spar location measured in inches from wing centerline. 
4Stress measured on top of horizontal leg of lower sparcap. 

* Stress measured on lower surface of lower sparcap. 

/ Stress measured on lower sparcap reinforcement strap. 

Stress measured on the side of the horizontal leg of lower spar cap. 


. Plus one cycle to 130 per cent design limit load and one cycle to 140 per cent design limit load. 
* Calculated from measured stress of 69,200 psi at 150 per cent limit load. 


limit load) to lead to the conclusion that 
the crack had no appreciable effect on 
the static strength of the wing. It would 
appear, therefore, that these cracks 
acted as stress relievers in this instance 
and did not play a primary réle in the 
fatigue life of the structure. 


Jet-Engine Fighter Airplane: 


Tests to Determine S-N Curve.—A 
straight-wing, high-performance jet-en- 
gine fighter airplane, which is referred to 


service use. It was thought that re- 
peated-load tests of these panels could 
be made to obtain an S-N curve, and 
then by means of repeated-load tests of 
two full-strength panels this S-N curve 
could be interpreted in terms of the 
fatigue life of the full-strength panels. 
The understrength panels differed from 
the full-strength panels in two ways: 
(1) There was a series of tapped screw 
holes through the skin into the vertical 
legs of the capstrip in the area adjacent 
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AIRPLANE WING OUTER PANELS. 
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TABLE IV.—SUMMARY OF RESULTS OF REPEATED-LOAD TESTS OF JET FIGHTER 


| U ‘mit Number of Cycles 
La 
| N 
Pend Capcrack Outer Panel | (Fail- Remarks 
£ of ure) 
Limit | Gages | Visual Failure 

No. 1....| A |7.5} 100 1 873 No strain gages installed, 
Crack started in rear 

- cap angle and failure 
occurred in tension 
pe: cap through out- 
board hole of hinge 

attachment. 

No. 2....| A |6.0} 80 4 169 No failure Lower rear cap angle 
cracked in same spot 
as number 1 failure. 

A 60 /11 000/13 000 13 861 Typical outer panel 

to failure. 
12 000 
No. 4 -| A /4.5) 60 |13 000/16 000 20 329 Typical outer panel 
to failure. 
14 000 

No. 5....| A 6.0} 80 | 2 500) 3 405 3 647 Typical outer panel 
failure. 

No. 6 “LA @ |45 00 | 6 496) 1 082 at 100 per cent | 1.283) Typical outer panel 

i to 1 648 at 80 per cent failure. 
v 5 100 4 388 at 60 per cent 7 
7 118 Total 
Re Vuak Sd 7 500) 8 128) 1 320 at 100 per cent | 1.537| Typical outer panel 
1 949 at 80 per cent failure. Crack started 
5 204 at 60 per cent and failure occurred 
in lower rear cap angle 
8 473 Total through outboard hole 
of hinge attachment. 

No. 8....| A |7.5} 100 | 1 500) 1 741 1 861 Typical outer panel 
failure. 

No. 9....)/ A >’ |14 000/15 069 911 at 100 per cent | 1.611) Typical outer panel 

910 at 80 per cent failure. 
14 592 at 60 per cent 
16 413 Total 
No. 10....| A |13 000/14 011) 845 at 100 per cent | 1.488| Typical outer panel 
“= to 843 at 80 per cent failure. 
nl fx 13 500 13 476 at 60 per cent 
15 164 Total 

No. 11....| C |7.5) 100 | 2 500, 3 350) 3 370 | Typical outer panel 
failure. 

No. 12....| C |4.5| 60 |16 000.20 830 21 029 | Typical outer panel 

| | failure. 


* Spectrum loading; 50 c at 100 per cent; 75 c at 80 per cent; 200 c at 60 per cent. r 
’ Spectrum loading; 1 c at 100 per cent; 1 c at 80 per cent; 16 c at 60 per cent. 
¢A = understrength panel, C = production panel. 
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to the wing fold line, and (2) the doubler 
under the spar cap was aluminum alloy 
instead of 4130 steel and extended only 
to station 74 rather than station 86. 

The static strength of both the under- 
strength and the production (full- 
strength) panels had previously been 
determined; consequently, further static 
tests of these panels were not conducted 
under this program. 
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forward face of the main beam. On the 
dummy side, the wing center section 
balance load was applied through the 
wing main beam hinge fitting by the 
rolling of the center section and was 
measured by a tension dynamometer. 
The repeated-load test of panel one was 
conducted with a lower load level of 
1 g (13.3 per cent limit load) and an 
upper load level of 7.5 g (100 per cent 


155  Static Strength=153 per cent Design Limit Lood 


(of Understrength Ponels) 


§ 100 @ Understrength Ponels 
@ Production Ponels 
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© 4 
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> 70 X 
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1000 


Fic. 11.—S-N Curve Showing Initial Spar Cap Crack of Jet Fighter Airplane Outer Wing Panels 


The test method used was similar to 
that used for the attack airplane re- 
peated-load tests in that the outer wing 
panels were tested one at a time while 
installed on the wing center section. 
The wing center section balance load 
on the test side was applied by a hy- 
draulic tension jack through a fitting 
to the landing gear trunnion supports. 
The fuselage was supported at the engine 
mount attachment points and at the 


Cycles to Foilure 


100000 


10000 


limit load). A total of six understrength 
panels were tested at load levels of 100, 
80, and 60 per cent limit load, two 
panels being tested at each load level. 
The two production panels were tested 
at 100 and 60 per cent limit load and 
all these data are shown in Table IV. 
Figure 11 is a plot showing the compari- — 
son between the understrength and 
production panels for the initiation of a 
visual crack in the spar cap, while Fig. 
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Fic. 12.—S-N Curve Showing Complete Failure of Jet Fighter Airplane Outer Wing Panels. 
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Fic. 13.—Typical Fatigue Failure of Jet Fighter Outer Wing Panel. _ x 
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Fic. 14.—Lower Spar Cap Fatigue Failure of 
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spar cap as the static test failure. The 
tapped screw holes in the vertical legs — 
of the capstrip apparently were the 
primary contributors to failure of the — 
panels under both static and repeated- 
load conditions. A view of the inboard 
portion of the outer wing panel is shown 
in Fig. 13 illustrating the typical failure 
of the lower spar cap and shear web. © 
Figure 14 is a view of a lower spar cap | 
failure showing the fatigue nuclei 
around the tapped hole in the aft angle 
of the spar cap. : 
The variation in strain level in the 
spar cap throughout the performance of 
the repeated-load tests for panel eleven, 
Table IV, is plotted in Fig. 15. This 
plot indicates that the initial crack 


Jet Fighter Airplane, Station;75.  m started no later than 2500 cycles and : 
4 0.004 
0.003 F 
$0,002 
0.00! 4 
60 
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0.004 4 
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© © 9003 — 
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Fic. 15.—Recorded Strains in Lower Spar Cap versus Number of Cycles from Repeated Load 
Test of Jet Fighter Airplane Outer Wing Panel No. 11. 


Note.—Failure occurred in the outer wing panel at station 75 in the vertical leg of the lower 


aft capstrip angle and in the spar web. 


12 presents similar data for the final 
failure of the panels. It is of interest to 
note that the repeated-load failures oc- 
curred in the same general areas of the 


probably originated near the 1-in. bolt 
hole through the aft capstrip since 
the gages nearest the bolt at station 76- 

showed the largest change in strain, 7 


| anal 
| j 
ts 


This figure also shows that the strains 
near the bolt were of a greater magnitude 
than the strains at the periphery of this 
capstrip. 

Tests to Determine Miner’s Cumu- 
lative Damage Ratio—Four more under- 
strength jet-fighter panels were available 
for testing, so it was decided to test 
them under spectrum loading conditions 
to obtain information concerning the 
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until a failure was obtained. The final 
two panels were tested using 1 cycle at 
100 per cent, 1 cycle at 80 per cent, and 
16 cycles at 60 per cent limit load re- 
peated until failure occurred. Informa- 
tion concerning the failure of these 
panels is summarized in Table IV. 
Using the S-N curves for the under- 
strength panels shown in Fig. 12, 
Miner’s cumulative damage ratio was 


Note: PA= Piston Engine Navy Attack Airplane 

2.0 F- PF= Piston Engine Navy Fighter Airplane 50 
8 JF= Jet Engine Navy Fighter Airplane & 
4PA Spar Cap Crack A) 
< “PA Complete Failure -60 
2 Spar Cap Crack 
= @Understrength JF 70 
Complete Failure i. & 
Production JF 1 

Complete Failure 

1.2 --Repeated-Load Tests 
of Wing Panels Unmodified 
ModificationI 19 
PF Outer Wing 
3 Panel Failures ite) 
508 
8 130 
© 140 


100 1000 


10000 100000 
Cycles to Failure 
Fic. 16.—Repeated-Load Tests of Wing Panels. 


effects of cumulative damage. Tests were 
chosen which would weight the spectrum 
loading in favor of the high loads in 
tests of two of the panels, and for the 
other two panels the loading spectrum 
was changed toward a predominance of 
lower loads. The first two panels were 
tested under a loading spectrum which 
applied 50 cycles of 100 per cent limit 
load, then 75 cycles of 80 per cent limit 
load, and then 200 cycles of 60 per cent 
limit load. This spectrum was repeated 


determined. These data are also con- 
tained in Table IV. The high values ob- 

n 
tained for 
although the surprise is an agreeable one 
from the standpoint of the service em- 
ployment of the airplane. It is recognized 
that the fairing of the S-N curve plays a 
primary réle in the value obtained for 
Miner’s ratio. Consequently, several 
curves were tried, one which emphasized 
minimum values and others for mean 


are somewhat surprising, 
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and maximum values of the fatigue data. 
In no case, however, did the cumulative 
damage ratio go below 1.19, while the 
values quoted in Table IV are repre- 
sentative of the mean values. The 
average of these latter values is 1.48. 


COMPARISON OF DATA 


Figure 16 shows a composite plot of 
the repeated-load data obtained from 
all three test programs. In this figure, 
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two load levels to determine the location 
of the curve with respect to the other 
curves. If parallelism is not indicated, 
further testing would then have to be 
undertaken. 

The data from these tests have been 
analyzed to obtain information con- — 
cerning the composite stress concentra- 
tion factor which would have caused 
these panels to fail at the number of 
cycles accumulated during the test of — 


70000 
= —-©-—Nominal Mean Stress = 10000 psi 
Kpel Nominal Meon Stress = 20000 psi 
60000 X 
- \ 
000 
30000 
~ 
20000 
3 
Test Dato Token from References (!) &(2) . 
10000 
wg 
100 1000 10000 100000 1000000 10000000 
Cycles to Failure 


Fic. 17.—TYypical S-N Curves. Sheet specimens with edge notches—75S-T6 aluminum alloy. 


the ordinate is the reciprocal of the load 
level. This ordinate was used since it was 
found that the data tend to plot out as 
straight lines when this method was 
adopted. It is of interest to note that the 
data from the attack and jet-fighter 
airplanes are fairly close to being 
parallel when plotted in this manner. 
This suggests that future tests of this 
nature using equivalent load levels 
might be simplified to the extent that 
only check points need be obtained at 


each panel. This was done by determin- | 
ing the maximum, minimum, and mean 
stress levels in the panel at the point 
nearest the failure where stresses were 
measured. In order to be conservative 
in these calculations, the number of 


cycles at which a visible crack in a 
primary load carrying component of the 7 ; 
These data are summarized in Table 
V. The method used in the calculation 


structure was first detected was used. 
of the theoretical stress concentration - 
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TABLE V.—COMPOSITE STRESS CONCENTRATION (Ki) AND STRENGTH fac 
REDUCTION (K;) OBTAINED FROM WING REPEATED-LOAD TEST DATA. (1) 
m 
Limit of Cycles | Stress, psi| Stress, | Stress, psi| Xt | Remarks 17 
Mi pic acdos wt 100 1 741 | 42 000 | 5600 | 23 800 | 4.0 Understrength panels. 
/ Sees 80 4 169 | 33 600 | 5600 | 19 600 | 4.2 Understrength panels. 
Me aiacawaas 80 3 405 | 33 600 | 5600 | 19 600 | 4.5 Understrength panels. 
a 60 13 000 | 25 200 | 5600 | 15 400 | 4.4 | 2.5 | Understrength panels. 
OS 60 | 16 000 | 25 200 | 5600 | 15 400 | 4.0 | 2.4 | Understrength panels. 
| Rees 100 3 350 | 39 500 | 5270 | 22 385 | 3.5 Production panels. 
[ Sees 60 | 20 830 | 23 700 | 5270 | 14 485 | 4.0 | 2.5 | Production panels. 
TE 110 700 | 39 600 | 5140 | 22 870 | 5.5 
ae 100 1 250 | 36 000 | 5140 | 20 570 | 5.3 
5 eae 90 2 000 | 32 400 | 5140 | 18 870 | 6.0 
Veiciicadxes 80 3 700 | 28 800 | 5140 | 16 970 | 5.8 
Ae aaci ae 100 4 000 | 35 000 | 5560 | 20 280 | 3.9 Unmodified panels. 
. ee 100 6 398 | 31 000 | 4920 | 17 960 | 3.9 Modification I added. 
PF. 100 | 10 812 | 30 000 | 4760 | 17 380 | 3.8 | 2.2 | Modification II added. 


hei Nominal Meon Stress = 10000 psi 
Nominol Mean Stress = 20000 psi 
30000 —T "Ss Nominal Meon Stress =15 400 psi 
Material : 75S-T6 Aluminum Alloy 
Meon Stress = 20000 psi 
2 ~~~4_) Developed Curve for Mean 
000 SF Stress of 15400 psi 
= (/nterpolated) 
a 
15.000 | Mean Stress= 10000 psi__ 
= 
Test Data for S-N Curves Taken from References (1) and (2) 
oe 10000 Test Results for JF Airplane Outer Wing Panel no. 4: 
§ (1) Maximum Stress Meosured= 25 200 psi 
2 a (2) Cycles to Failure = 16000 = 
(3) Calculated Meon = 15400 psi 
5000 By Graphical Solution, Ke 4 
q 
18) 
7 i 1000 10000 100000 1000 000 
Number of Cycles 


Fic. 18.—Graphical Determination of K, for Jet Fighter Airplane Outer Wing Panel. — 
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factor, K:, involved the use of references 
(1) and (2).? The data from these reports 
were plotted in the form shown by Fig. 
17 wherein the various values of K; and 


an interpolation of these data similar — 

to that shown in Fig. 18, new curves for | 

the various K, values at the mean stress — 

level present in the test specimen were 


igs 
10000 ° Understrength JF Wings 
sa @ Production JF Wings 
APA Wings 
= PF Wings 
5000 


Kt Stress Concentration Factor 
Fic. 19.—Composite Stress Concentration Factors Obtained from Repeated-Load Tests of Air- — 


plane Wings. 


mean stress level are plotted with 
maximum stress level as the ordinate 
and the fatigue life as the abscissa. By 

2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 925. 


determined. The failure point of the test 
panel was then plotted at the intersec- 
tion of the maximum stress level in the 
panel near the point of failure and the 
number of cycles accumulated at failure, 
and the K; value was determined by 
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interpolation between the new curves. 
It is recognized that this procedure does 
not have a high degree of accuracy for 
points such as those from the attack 
airplane which gave a K;, of greater than 
five. In this instance the K; value is 
merely estimated by extrapolation rather 
than by interpolation as was done for 
the other K;, values. 

Information concerning the strength 
reduction factor, Kr, was obtained 
where possible using the equation: 


4 = 

Kr Sx: 

where: 


Sm = fatigue strength of the specimen 
with no stress concentration at n 
cycles, 

Sx: = fatigue strength of the specimen 
with stress concentration at 
cycles, and 

m = cycles endured at same mean 
stress level. 

This calculation could be made only 
for those data points which had fatigue 
lives greater than 10,000 cycles since 
the data for K, = 1 were not available 
for shorter fatigue lives. These Kt 
values are shown in the next to last 
column of Table V. 

The values of K; are plotted against 
mean stress level in Fig. 19. Although 
there are not enough data available on 
which to base a significant conclusion, 
it appears that there may be a slight 
trend toward decreasing values of Ky 
with increasing mean stress levels. 
These data tend to agree with the data 
shown by Fig. 10 of reference (3) where 
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decreasing values of Ky were noted for 
increasing values of alternating stress 
range. In reference (3) this trend was 
attributed to the increasing effects of 
plasticity associated with higher stresses 
as the load level was increased, and 
similar reasoning would appear to apply 
also in this case. 


CONCLUSION 


The plot of Ky, against mean stress 
level in Fig. 19 emphasizes two points. 
First, there is a great need for additional 
notched specimen fatigue test data for 
K, values to 6.0 particularly for the 
range between 100 and 10,000 cycles. 
This information should be obtained for 
extruded and bar-stock specimens as 
well as sheet test specimens so.as to 
provide the designer with information 
applicable to the components he must 
use in his designs. Second, it emphasizes 
the need for the designer to devote in- 
creased attention to his detail design so as 
to reduce the composite stress concentra- 
tion factor of the highly stressed areas 
of the airplane structure. 

A final item which is also greatly 
needed is information on the number and 
frequency of moderate and high load 
levels experienced in service operations 
of the airplane. Once these latter data 
are obtained and further refinements are 
made in the theory of fatigue, it will be 
possible rationally to determine the 
service life of an aircraft and ultimately 
to formulate design criteria which will 
result in airplanes which have or exceed 
a certain specified fatigue life. 
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7 ail Mr. S. A. Gorpon! (presented in writ- 
ten form).—The paper presented by 
Messrs. Carl and Wegeng represents one 
of the most significant contributions 
made in this country on the fatigue be- 
havior of composite structures. 

There are several points, however, that 
deserve some comment. The method used 
to determine the composite stress con- 
centration factor, K; is based on the 
assumption that S-N curves in Fig. 18 
not only define the behavior of the 
monolithic specimens from which they 
were derived, but also define the S-V 
curve of the composite structure for 
which the test point was obtained. This 
is the only condition under which the K, 
value defined by Carl and Wegeng would 
be independent of life. Recent tests at 
Battelle Memorial Inst. on a box-beam 
specimen, however, indicate that this is 
not the case. These tests show a rapid 
increase in the K; values of the box- 
beam specimen with increasing life. 

If the K; values obtained in the 
authors’ tests were calculated on the 
alternating stress only, they would be 
about twice the values shown in Table 
V. These observations would assume 
significant importance in design when 
the Miner concept for calculating cumu- 
lative damage is based on data taken 
from monolithic specimens rather than 
on data taken from composite specimens. 
The authors’ results are within a narrow 
life range and are probably satisfactory 
for military airplanes where gust con- 


1 Battelle Memorial Institute, Columbus, 
hio. 
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sideration is of little importance. Under 
these latter conditions, it would appear 
more advisable to develop Goodman 
diagrams for composite structures or for 
coupons designed to produce the same 
type of S-N curves. 

Mr. C. R. Smitu.*—In the first series 
of tests it is mentioned that the spar 
break was followed by a skin fracture. 
Is there any record of about how much 
time elapsed between the spar failure 
and the skin failure, or any observation 
of when the spar got so bad that it would 
not take any more load in the fatigue 
test? The cracks on the first series of 
panels started in the spar first. 

Mr. R. A. Cart (author).—It could be 
calculated on the number of cycles that 
occurred between the spar crack and the 
cracking of the skin, and the loading rate 
at that time was dependent on the load 
level which varied from four cycles per 
minute at the lower load level to as low 
as two cycles per minute for the upper 
load level. 

Mr. SmitH.—How many cycles alto- 
gether? We are very much interested in 
the safety of airplanes, and have sup- 
posed that cracking in the skin would 
occur somewhat before final failure, skin 
cracks lending themselves to detection by 
routine inspection. Spar cracks would not 
be so easily detected, and it is not partic- 
ularly gratifying to note the short num- 
ber of cycles in some cases between first 
skin cracking and final failure. 

Mr. Tuomas J. WEGENG (author).— 


2 Research Test Engineer, Convair, San Diego 
Division, San Diego, Calif. 
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The first indication of failure was the 
initial horizontal cracking of the lower 
spar cap. I will take one example 
where we were testing between the lower 
limit of 1g and an upper load level of 
100 per cent limit load, and the initial 
crack in the spar cap occurred at 1238 
cycles. 

The initial skin crack occurred at 1738 
cycles. 

Complete failure of the panel test spec- 
imen occurred at 1889 cycles. So there 
was apparently a difference of about 650 
cycles elapsed time between the initial 
crack in the spar cap and when complete 
failure occurred. 

Mr. Cart.—I might add just one 
thing further to that. 

In inspecting the crashes which we 
were discussing in the paper, we men- 
tioned that fatigue was probably a 
possible cause in all of the crashes; how- 
ever, in the crashes we have investigated 
to date, we have never been able to pin 
it precisely on fatigue. That may be due 
to the fact that there are so many other 
possible causes that you cannot spe- 
cifically pinpoint the cause as being due 
to fatigue. 

However, there is one point which I 
should like to make, and that is that we 
have issued an inspection procedure for 
these airplanes which requires very 
frequent inspections of the area where 
the spar cap crack initiates. 

Just recently we were able to detect 
this crack in one of the service airplanes. 
We detected this one spar cap crack 
which duplicated the crack that was ob- 
tained during the laboratory tests. In 
totalling up the number of cycles that 
had been imposed on the airplane during 
its service life (from an analysis of the 
airplane’s log book), we were able to 
determine that the composite load level 
which the airplane would have to have 
been operating at in order to cause this 
crack to occur was approximately 80 per 
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cent limit load, so we are on the trail of 
fatigue and we are getting some positive 
results now. 
(Authors’ closure).—Mr. Gordon’s com- 
ments are appreciated and the limitations 
he notes in our method of determining 


the composite stress concentration fac- 


tor are acknowledged. We make no claim 
that the method used by us is an opti- 
mum method for determining this factor, 
but rather that it is the only method 
available at this time by which our data 
could be interpreted in terms of K;. Ac- 
cordingly, we look forward to the early 
publication of the Battelle Memorial 
Inst. report mentioned in the hope 
that an additional tool will be made 


available for application to the study of - 


fatigue of composite structures. 

One might wish to know the reason we 
chose an edge-notched monolithic speci- 
men as a basis for comparison in deter- 
mining the values of K; shown in Table 
V. The answer is very simple since this 
was the only type of specimen of this 
material for which fatigue data were 
available for K, values as high as 5S. 
Also, in determining the K; values, we 
used the value of strain in the specimen 
as determined from the strain gage lo- 
cated nearest to the point of failure. 
Thus the strain level is correct only to 
the extent that it is the nearest approxi- 
mation to the correct strain value that 
could be determined from that particular 
test. Accordingly, the K, values may 


have errors from this source and also 


from the graphical method used in de- 
termining them; nevertheless, the gen- 
eral objective of this study, namely, the 
determination of the order of magnitude 
of the stress concentration factor present 
in the composite structure has been 


achieved through this method of analysis. 


In a recent paper by Mr. J. B. Garvin 
entitled “Some Observations On Full 
Scale Aircraft Structures”, presented at 
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_ the National Advisory Committee for 
Aeronautics Conference on Some Prob- 
lems of Aircraft Operation (Lewis Flight 
Propulsion Laboratory, Cleveland, Ohio, 
November 17, 18, 1954), a comparison be- 
tween the fatigue characteristics of full 
_ scale aircraft structures and the fatigue 
of monolithic notched specimens (the 
_ jJatter taken from reference (1) of our 
paper) shows a very good agreement 
between 42 data points obtained from 
tests of P-51D wings and a curve for 
notched monolithic specimens having a 
K, = 4. Over the life range where direct 
comparison is possible, this agreement is 
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shown to exist from approximately 5 X 
10° cycles to 5 X 10® cycles. Further 
extrapolation of the monolithic specimen 
data would indicate agreement with the 
full scale structure fatigue data points. 
This agreement indicates that the 
method of determining K, values shown 
in our paper is a reasonable method for 
use at this time. Also, that the acquisi- 
tion of additional monolithic specimen 
test data as recommended in our con- 
clusion is desirable together with the 
development of additional methods of 
analysis and comparison similar to those 
discussed by Mr. Gordon. 
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In studying the transition from 
ductile to brittle behavior in metals, 
an automatic choice of performance 
criterion and an intuitive definition of 
transition temperature are likely to 
result in erroneous conclusions. This 
is particularly true in attempts to cor- 
relate data from different test specimens 
and may occur even in the case of com- 
parisons with a single type of test 
specimen when different criteria or 
different definitions of transition tem- 
perature based on a single criterion are 
used. Stout and McGeady were among 
the first to bring the transition tempera- 
ture dilemma into focus (1).2 They con- 
tended that the choice of test specimen 
is far less critical to correlation of test 
results than is the choice of criterion 
used in establishing transition tempera- 
ture. Since this observation was made, 
research findings from a number of 
sources have made it increasingly evi- 
dent that the choice of criterion and the 
attending definition of transition tem- 
perature are all-important factors in 
analysis of test results. Thus, if an 
evaluation of “transition temperature” 
is to have significance, if there is to be 
any hope of interpreting the value in 
terms of an engineering application, it 
is essential that each of the various 
criteria and definitions in use be thor- 
oughly understood. 

* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Chief, Welding Section, Watertown Arsenal 
Laboratory, Watertown, Mass. 

2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 936. 


POISSON EFFECT IN THE CHARPY TEST* 
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It is the purpose of this paper to 
discuss the meaning and measurement ~ 
of the Poisson effect in the V-notch and 
keyhole Charpy tests. It will be demon- _ 
strated that the deformation attending 7 
the fracture of a Charpy bar can be 
measured as either the lateral contrac- 


tion occurring beneath the notch or, 


more easily, by the lateral expansion 
occurring at the compression surface of 
the test bar. Moreover, it will be shown 
that a linear relationship exists over an 
appreciable range of energy absorption _ 
between lateral contraction and lateral y 
expansion and the energy required to 
produce fracture. Therefore, measure- — 
ment of the change in lateral dimension 
is a duplication of effort when the energy 
in impact testing can be read directly 
from the calibrated dial of the testing 
machine. 


THE PorssoN EFFECT AS A 
PERFORMANCE CRITERION 


Lateral contraction was described as a — 
criterion of transition temperature by 
A. B. Kinzel in the 1947 Edward 
DeMille Campbell Memorial Lecture (2). 
Kinzel’s selection of performance cri- 
terion was based on certain observations 
relative to service failures. Examination 
of service fractures showed that bright 
crystalline facets invariably occur at 
the origin of failure and often throughout 
the entire fracture. However, when the 
crack did not traverse the entire struc- 
ture, fibrous areas appeared at the edges 
near the end of the fracture; and when- 
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ever this occurred there was a small but 
perceptible reduction in cross-section 
of the plate. Kinzel selected this con- 
traction in the cross-section as a cri- 
terion of material behavior. In laboratory 
test specimens the measurement was 
made adjacent to the notch using a 
micrometer caliper. With temperature as 
a variable for matching test to service, 
Kinzel defined transition temperature in 
a 3-in. wide notched bar as that tempera- 
ture at which the specimen showed a 
1 per cent lateral contraction parallel to 
the notch. The value of 1 per cent con- 
traction was thought to correspond ap- 
proximately to the deformation measured 
in service failure at the section near the 
end of cracks which stop propagating. 

Since its introduction, lateral con- 
traction has been used by a number of 
investigators as a performance criterion. 
It is generally accepted that lateral 
contraction is an indication of the plastic 
deformation that a material will undergo 
when subjected to the particular stress 
distribution of the test specimen and the 
rate and temperature of testing. The 
measurement of lateral contraction is 
generally treated as separate and distinct 
from the energy (work done in fracturing 
the test bar) and mode of fracture. 

In an investigation of factors affecting 
the correlation of laboratory tests with 
the performance of a large structure, 
Hartbower and Pellini (3) investigated 
lateral contraction as a criterion of 
V-notch Charpy impact performance. 
A jig featuring a dial gage reading to 
0.0001 in. was constructed to measure 
lateral contraction in a plane yy in. 
below and parallel to the apex of the 
V-notch. The contractions in width 
occurring in each side of each half of the 
broken specimen were measured in- 
dividually and the total contraction 
was taken as one half the sum of the four 
readings. Where tears or jagged lips 
precluded four measurements, lateral 
contraction was taken as the sum of two 
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readings. At first, readings were based on 
the contraction at the centerline directly 
under the notch. In the case of brittle 
fractures, this location provided a 
measure of maximum lateral contraction; 
but whenever there was appreciable 
ductility, the fracture path was erratic 
and maximum lateral contraction often 
occurred at a point considerably removed 
from the centerline of the notch. A 
plot of maximum lateral contraction 
versus energy revealed a simple straight- 
line relationship; data were plotted for 
measurements in over 200 Charpy bars 
tested over a range of temperature en- 
compassing the transition from ductile 
to brittle behavior and involving a 
variety of metallurgical variables in two — 

steels. The linear relationship appeared © 

to be the same for both steels and 7 | 


dependent of testing temperature, notch 
orientation, grain size, and other varia- _ 
tions in microstructure. . 

Because accurate measurement of 
maximum lateral contraction proved 
to be a tedious and time-consuming 
operation, the laboratory technician 
making the measurements suggested that 
lateral expansion occurring on the com- 
pression side of the bar could be meas- 
ured more easily. Ordinary micrometer 
calipers were used. It was subsequently 
demonstrated that not only could the 
measurement be made in a matter of 
seconds but a linear relationship existed 
between maximum lateral contraction 
and lateral expansion and _ energy 
absorbed in fracturing a Charpy bar 
(see Figs. 1 and 2)? 

Knowledge of the relationship between 
Poisson effect and energy is useful in 
establishing a criterion for comparing 
performance in different specimens or in 
a single specimen under different test 


3 With regard to the deviation of the plotted 
data from a straight line in Fig. 2, it will be 
demonstrated in a subsequent section of the 
paper that the relationship becomes nonlinear 
at levels. 
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conditions. Consider, for example, the of the Poisson effect), and energy ab- 
application where it is desired to com- sorbed (or work done) in fracturing the 
pare transition temperature behavior in _ test bar. The energy absorbed in impact 
_ slow bend and impact using the V-notch is obtained directly from the calibrated 


0.10 
0.08 V-Notch Cho 
Slow Bend 
£ 
0.06 
c 
a 
Ww 
004 
a 
0.02 
° 10 20 30 40 50 60 
Energy, ft-ib 


Fic. 3.—Effect of Rate of Loading. 


Indicates an approximately linear relationship between lateral expansion and the work done in slow bending the 
V-notch Charpy bar to fracture. 


TABLE I.—CHEMICAL COMPOSITION AND TENSILE PROPERTIES FOR 
THE MATERIALS INVOLVED IN FIGS. 3 AND 4. 


Chemical Analyses, per cent 


Material Man-| sit; Phoe- Cop- | Chro-| Alu-| Mo- sate} 
HCl) gen 

Aluminum-killed 114-in. 

Silicon-killed 1-in. plate. Nil 
Rimmed 34-in. plate... .. 0.19)0 35/0 0.065/0.01 0.029/0.007 |0.003 


TeEnsiLe Properties (AFTER NORMALIZING AT 1650 F ror 1} HR) 


Yield 
P Si th, Tensil Ek i Reduction i 
Material 0.2 per cent Strength, psi |2 cmt 
= set, psi 
Aluminum-killed steel... 42 100 62 200 39.5 67.2 
39 600 64 000 38.0 63.8 


Charpy bar. The criteria that may be testing machine, whereas the work done 
used in judging performance in either in fracturing a slow bend specimen must 
case are fracture appearance, fracture be calculated from a measurement of 
4 strain (qualitatively evaluated by means area under the load deflection diagram. 
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Keyhole Notch Charpy Impact 


° 


Lateral Expansion, in. 


(b) Double- Width V- Notch 
Charpy Impact 


40 80 120 160 200 240 
Energy, ft-lb 
Fic. 4.—Effect of Notch Acuity and Cross-Section Dimension. 


Indicates a linear 
specimens. 
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If a linear relationship exists between 
Poisson effect and work done in frac- 
turing a slow bend specimen, the meas- 
urement of lateral expansion would 
obviate the more tedious measurement 
of area in the slow bend test. Although 
lateral expansion measurements plotted 
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but represent a variety of mill practices. 
Chemical analyses and tensile properties 
of the steels are reported in Table I. 
With a linear relationship between 
Poisson effect and work done in slow 
bend and impact, it is possible to com- 
pare transition temperature behavi 


0.10 | 
1 20 
0.08 (a) Keyhole Charpy imp 
0.06 1S 
e 
004 45 10 
Fal 
an 
5 
10 20 30 40 50 60 70 80 
(b) V-Notch Charpy impact 7 e 
20° 
e 
Pee 
a 15 
10 
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, 20 40 60 80 100 120 140 


Energy, ft-!b 
Fic. 5.—Extent of the Linear Relationship. 


Presents data from 12 steels with carbon contents ranging from 0.04 to 0.45 per cent and manganese from 0.43 to 1.05 
per cent. The data indicate a straight line to be a good approximation for deformations up to about 12 per cent for both 
the keyhole and the V-notch Charpy impact specimens. 


against work done in fracturing slow 
_ bend specimens (Fig. 3) resulted in a 
- considerable scatter, a line faired 
through the data appeared to be a 
reasonable approximation. Data from 
three steels are contained in Fig. 3; the 
steels are similar in chemical composition 


based upon an energy level in impact 
and a corresponding deformation level 
in slow bend. Thus, comparisons between 
transition temperatures corresponding to 
15 ft-lb in impact and 3.8 per cent 
lateral expansion in slow bend are based 
upon a single performance criterion. 
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TABLE II.—CHEMICAL COMPOSITION 
OF CARBON-MANGANESE STEELS. 
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Keyhole Charpy impact data were also — 


obtained on the steels listed in Table I. 
per. Again the plot of lateral expansion — 
0.43 versus energy indicated (Fig. 4) a 
oa straight line, but the slope was some- 
0.98 What greater than that obtained with 
the V-notched specimen; thus the key- 
0.43 Charpy specimen was indicated to 
0.49 less energy to produce a given 
fracture strain than the V-notched 
pp ss specimen. Poisson effect was also meas- 
0.92 ured in a double-width V-notch Charpy — 
oie impact specimen. A plot of lateral 
1.05 expansion versus energy absorbed in 
fracturing the double-width specimen 
sista again indicated a linear relationship. A 
7, 
/ 
0.05 
0.04 
VI/ 
= WA 2 
5 0.02 2.54 E= 
-NO 
0.01 1.27 3 


ny 10 20 30 


KEYHOLE, V-NoTcH, AND DOUBLE- 
Wiptn V-NotcH CHARPY 

A plot of lateral expansion versus 

energy absorbed in V-notch Charpy 

impact for the three steels of Table I 

indicated a straight line of approxi- 


Energy, ft-lb 
Fic. 6.—Relation Between Energy and Poisson Effect in Fracturing Charpy Specimens. 


40 50 60 70 


marked difference was noted, however, 
in the amount of energy corresponding 
to a given fracture strain: 15 ft-lb was 
attended by a 3.8 per cent lateral ex- 
pansion in the single-width V-notch 
Charpy impact specimen, whereas ap- 
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proximately 70 ft-lb were required to 
produce the same deformation in the 
double-width specimen. Conversely, with 
15 ft-lb of energy absorbed in fracturing 
the specimen, the single-width bar de- 
formed 3.8 per cent, whereas the double- 
width bar deformed less than 1 per cent. 


EXTENT OF THE LINEAR RELATIONSHIP 


Additional data were obtained to test 
the validity of representing the plot of 
lateral expansion versus energy as a 
straight line (Fig. 5). Twelve steels were 
investigated with carbon and manganese 
contents ranging from 0.04 to 0.45 per 
cent carbon and from 0.43 to 1.05 per 
cent manganese (Table II). The ma- 
terials were prepared in laboratory 
heats, deoxidized with silicon and 
aluminum to simulate commercial fine 
grain practice, forged to §-in. square bar 
stock, and normalized at 1700 F. Lateral 
expansion was measured in approxi- 
mately eight specimens of each com- 
position and each type of notch. The 
specimens were fractured at tempera- 
tures ranging from approximately — 100 
to +100 C. Data from partially frac- 
tured specimens which absorbed energies 
near the capacity of the test machine 
were discarded. 

4 Data were obtained from specimens pre- 
pared for an unpublished study sponsored by 


the Development and Research Division, Inter- 
national Nickel Co., In., New York, N. Y 


A straight line appears to be a good 
approximation for the range of 0 to 
50 ft-lb in the case of the V-notch 
Charpy impact specimen and for the 
range of 0 to 40 ft-lb in the case of the 
keyhole Charpy impact specimen. 


SUMMARY 


A linear relationship exists between 
Poisson effect and the energy to fracture 
pearlitic steel Charpy bars. The linear 
relationship extends over a range of 0 to 
50 ft-lb in the case of the V-notch 
Charpy impact specimen and over a 
range of 0 to 40 ft-lb in the case of the 
keyhole Charpy impact specimen. 

The relationship is independent of 
such metallurgical variables as chemical 
composition and heat treatment, and is 
independent of testing temperature. 

The existence of the linear relationship 
between the Poisson effect and energy 
obviates the measurement of lateral 
expansion or contraction in the Charpy 
impact test since energy may be read 
directly from the calibrated testing 
machine. If, however, it is desired to 
compare tests which differ in physical 
dimension, notch acuity, or rate of 
loading, a plot of lateral expansion 
versus work done in producing fracture 
provides a measure of the relative re- 
sistance to deformation in the tests 


(Fig. 6). 
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Mr. R. H. Frazrer! (by letter).—Mr. 
Hartbower is to be congratulated for 


Love 


that testing temperature, carbon and 
manganese content, and deoxidation have 
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Charpy Value , ft-ib 
Re 7.—Effect of Microstructure on Lateral Expansion—Charpy Value Relationship. 


making an interesting observation with 
respect to the lateral expansion in the 
Charpy test. The lateral expansion is 
much easier to measure than lateral con- 
traction. The author has clearly shown 


1 Assistant Chief, Division of Ferrous Me- 
tallurgy, Battelle Memorial Inst., Columbus, 


70 


no apparent effect on the relationship of 
lateral expansion and energy value of a | 
given type of test. In the summary, heat — 
treatment is also included in the list of — 
ineffective variables. This might be true 
as long as there is no major change in 
microstructure. V-notch Charpy impact 
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tests made at Battelle Memorial Inst. on 
SAE 4330 steel heat treated to a pearlitic 
structure and to a tempered martensitic 
structure revealed some interesting re- 
sults. The lateral expansion was meas- 
ured on Charpy specimens tested at 
various temperatures and heat treated to 
the two types of microstructure. The re- 
sults of these tests are shown in the ac- 
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expansion than those determined by the 
author; however, this discrepancy is 
probably not significant. 

Mr. Cart E. HARTBOWER (author).— 
The additional data provided by Mr. 
Frazer are very much appreciated. The 
author, at the time of reporting, was 
aware of the difference in slope in the 
case of quenched-and-tempered steel but 
had insufficient data to present the in- 


companying Fig. 7. The energy require- 


—" 


Lateral Expansion, in. 


Keyhole Charpy specimens 
| | l 


Steels. 


much greater for the tempered-martens- 
itic steels than it is for the pearlitic steels. 
Therefore, the metallurgical variable of 
heat treatment should be left out of the 
list of ineffective variables. 
The lateral expansion was measured on 
_ a number of keyhole Charpy specimens 
from semikilled steels of different carbon 
and manganese contents and tested at 
various temperatures. These measure- 
ments are plotted in Fig. 8 against the 
Charpy value. The dashed line is the re- 
lationship found by Mr. Hartbower. 
Our values were lower for the same lateral 


s for the same lateral expansion is 


fe] 10 20 30 


Charpy Value, ft-Ib 
Fic. 8.—Relationship Between Lateral Expansion and Charpy Value of Hot-Rolled Semikilled 
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formation; therefore, all remarks were 
limited to pearlitic steel. Mr. Frazer’s 


data on a single steel in two conditions of . 


heat treatment, one martensitic and the 
other pearlitic, show conclusively that 
when heat treatment produces a tem- 
pered martensitic-structure, the rela- 
tionship between lateral expansion and 
Charpy impact value is decidedly 
changed; that is, for a given amount of 
energy absorbed in fracturing the Charpy 
bar, appreciably less deformation occurs 
in the case of the quenched-and-tem- 
pered martensitic structure than in the 


case of a pearlitic structure. _ a 


a 
0.08 
4 
6 
| 
0.02 


wy 


ing the scale factor of 2. 
The conclusions are as follows: 


content. 


One question of paramount im- 
portance to design engineers is the 
amount of error involved in applying 
the data from testing small size speci- 
mens to the design of a large structure 
such as a ship or bridge. Many investi- 
gations have demonstrated that the 
strength of a metal is not independent of 
the size of specimen used to determine 
the strength. The issue is further com- 
plicated in the case of steel structures by 
the presence of the transition from 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Alloy Engineering and Casting Co., Cham- 
paign, Ill.; Formerly Armour Research Founda- 
tion, Chicago, Ill. 


EFFECT OF SPECIMEN SIZE ON NOTCHED BAR IMPACT | * 
PROPERTIES OF QUENCHED-AND-TEMPERED STEELS* 


By Harry SCHWARTZBART! AND J. P. SHEEHAN*® 


SYNOPSIS 


The impact properties of 8600 steel at four carbon levels, 5140, and 4140, _ 
_ quenched and tempered at temperatures from 400 to 1200 F, have been de- 

termined, using three sizes of impact specimens geometrically similar except 
_ for notch radius which was held constant. The linear scale factors of the speci- 
men sizes investigated were 1:2:3.3 with the standard Charpy specimen hav- | 


1, Maximum impact energy per unit fracture area (area under the notch) is 
relatively independent of specimen size at tempering temperatures from 400 | 
F to 700-800 F, but is dependent on specimen size at tempering temperatures 
between 700-800 F and 1200 F. In this region, maximum impact strength is — 

higher the larger the specimen dimensions. 7 

2. Maximum impact energy per unit volume decreases with increasing speci- 
men size over the entire range of tempering temperatures investigated. 
_ 3. A distinct size effect is exhibited in transition temperature; the transi- 

tion temperatures of the small specimens were considerably lower than those 
of the standard size specimens, which were in turn generally lower than those 
of the large specimens, especially at high hardnesses. 

4. For the 8600 series of steel, transition temperature increases with carbon 


tough to brittle behavior as the test or 
service temperature is lowered. This re- 
quires, then, that we know not only the 
effect of specimen size on strength at a 
given temperature, but that we know 
also the effect of specimen size on transi- 
tion temperature. This subject has been 
considered to some extent in the litera- 
ture, and some limited data have been 
reported. 

The subject of size effects in fracturing 
has been reviewed in a recent paper by 
Irwin (1)* who has contributed much 

2 Armour Research Foundation, Chicago, IIl. 

* The boldface numbers in parentheses refer 


to the list of references appended to this paper, — 
see p. 951. 
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a our understanding of the dy- 


namics of the fracturing process. Among 
the investigations which have demon- 
strated such size effects, the following 
are significant: Stanton and Batson (2) 
on scaled impact tests of several steels 
in several conditions of velocity and 
notch geometry; Docherty (3) and 
Shearin, Ruark, and Trimble (4) on 
slow bending of notched bars of various 
ferrous and non-ferrous materials; 
Brown, Lubahn, and Ebert (5), Gen- 
samer (6), and Fried and Sachs (7) on 
notched tension bars; Davidenkov, 
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AND SHEEHAN 7 


Most of these investigations did not 
include determinations of transition 
temperature or the effect of temperature 
as a variable. Those that did (8, 9, 10, 
11) generally found that the transition 
temperature was higher for large speci- 
mens than for small specimens. Mac 
Gregor and Grossman (9) found, how- 
ever, that the effect of size on transition 
temperature was trivial over a scale 
change of 6 to 1. 

The purpose of the present work was 
to study the effect of proportionally 
varying the dimensions of the impact 


TABLE I.—CHEMICAL ANALYSES, NORMALIZING AND 


7 AUSTENITIZING TEMPERATURES. 
| 
some Man- | Phos- Ch Molyb- 
Heat Carbon Sulfur | Silicon | Nickel | | 
leg Fabr 
diamante 8620 | 1650 | 0.24 | 0.79 | 0.017 | 0.025 | 0.15 | 0.59 | 0.66 | 0.18 
dean aieeaae 8630 | 1575 | 0.33 | 0.81 | 0.025 | 0.017 | 0.21 | 0.63 | 0.63 | 0.16 
8640 | 1550 | 0.42 | 0.81 | 0.021 | 0.016 | 0.16 | 0.71 | 0.50 | 0.18 
Saniiehail 8655 | 1475 | 0.53 | 0.88 | 0.024 | 0.016 | 0.23 | 0.79 | 0.52 | 0.20 
5140} 1550 | 0.42 | 0.84 | 0.025 | 0.025 | 0.17] ... | 0.96] ... 
4140 | 1550 | 0.40 | 0.95 | 0.025 | 0.039 | 0.21 1.05 | 0.22 


_ Shevandin, and Wittmann (8) on im- 
pact and slow bending, and impact 
tension; MacGregor and Grossman (9) 
on simple bending of circular disks sup- 
panel around the circumference and 
loaded at the center; and Parker (10) on 
tension tests of wide plates containing 
holes. 
_ Fracture size effects were generally 
in these investigations. Some 


of the investigations (2, 8) indicated a 
limiting section size below which a 
marked size effect was observed and 


. above which the size effect was negli- 
gible. Stanton and Batson (2) found 

- from their notched impact bend tests 
| that toughness increased with size if 
the impact energy was referred to unit 
_ fracture area under the notch; the re- 
verse was true if the impact energy was 
referred to unit volume of the impact 
specimens. 


specimen on impact properties and, 
specifically, on transition temperatures. 


EXPERIMENTAL PROCEDURE 


The Charpy impact properties of six 
steels were investigated in the quenched- 
and-tempered condition. The steels in- 
cluded SAE 4140, 5140, and 8600 
containing 0.20, 0.30, 0.40 or 0.55 per 
cent carbon; chemical analyses are 
presented in Table I. 

The heats were made in a 500-lb 
laboratory induction furnace with 2 lb 
of aluminum per ton used for deoxida- 
tion. Sixty-five pound ingots were 
poured from each heat. The ingots 
were forged to flat bars from which the 
impact specimens were cut in the longi- 
tudinal direction. To prepare the steel 
for machining, the forged bars were 
normalized at the temperatures listed in 
Table I, then heated for 1 hr at 1200 F 
and air cooled. 


eer ore 
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Specimen blanks were cut from the 
forged flats, quenched and tempered, 
then finish machined. Heat treatment 
consisted of 30 min at the austenitizing 
temperatures listed in Table I, oil 
quenching, and tempering for 1 hr over 
a range of temperatures from 400 to 
1200 F, followed by water quenching. 

Three sizes of impact specimens, 
geometrically scaled in every dimension 
with the exception of the notch radius, 
were tested on a Baldwin-Sonntag 
Universal Impact Machine. The linear 
scale factors were 1:2:3.3 with the 
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— 


ing points in specimens of various 


dimensions are subjected to exactly the 


same stress and strain states. Since it 
was felt that this condition could not be 
achieved in impact bend testing of 
notched bars, this investigation does 
not presume to be an investigation of a 
true size effect, but in a stricter sense, 
as indicated by the title of the paper, an 
investigation of the effect of specimen 
size on impact properties. It should be 


kept in mind, then, when the expression _ 


“size effect” is encountered in subse- 


quent discussion in this paper, it is used 


1 


le L ~ 
Linear Velocity 
Volume, ! Fracture | of ct 

Type L,in. | S,in D, in. | R, in cuin. | Area, Machine, Sik 
sq in. ft-lb sec 

Rr eeeerey: 1 1.083 0.197 0.158 0.010 0.042 0.0311 25 11 

OE Se ar 2 2.165 0.394 0.315 0.010 0.335 124 120 and 240 17 

3.3 3.544 0.515 0.010 1.47 0.332 375 17 


Fic. 1.—Specimen Dimensions for Size Effect Study. 


standard Charpy specimen dimensions 
having the scale factor of 2, and the 
other two specimens being subsize and 
oversize. Specimen dimensions are pre- 
sented in Fig. 1. The energy and velocity 
of the striking head of the impact 
machine were not scaled proportionally, 
but were varied as shown in Fig. 1. The 
supporting span of the impact specimens 
was scaled proportionally. 

The decision not to vary the notch 
radius was arbitrary. Actually, a true 
investigation of size effect requires, 
among other things, that all correspond- 


for convenience to denote variation of 
properties with specimen dimensions 
within the scope of the present investi- 
gation. 

Specimens were broken over a range 
of testing temperatures from —320 F 
to above the energy transition tempera- 
ture or to a temperature equal to the 
tempering temperature. The fracture 
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surfaces were rated by comparison with 


a set of standards as to the percentage 
of shiny, crystalline surface which is 
characteristic of brittle fracture. 


Broken impact specimens which had 


| | 
— 
| 


been tempered at 400 F were sectioned 
examined metallographically to 
determine if 100 per cent martensite 
had been obtained on quenching. The 
large specimen of 8620 steel was found 
to have 15 to 20 per cent of nonmar- 
tensitic transformation products. The 
standard size specimen had no more 
than 1 per cent of nonmartensitic trans- 
formation products and the small speci- 
men was 100 per cent martensitic 


SCHWARTZBART AND SHEEHAN 


800 F. It can be seen that the impact 
energy rises steadily with testing tem- 
perature through the transition zone 
and reaches a value which remains 
essentially constant as the testing 
temperature is further increased. This 
permits the use of the temperature at 
80 per cent of the maximum energy as 
one criterion of transition temperature 
at the high energy levels. The tempera- 
ture at 90 per cent brittle fracture is 


100 pang 
40} 
20+ Large |= 
oF 7° 
2 sof 4i00 
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before tempering. The large specimens 
of the other steels had at least 99 per 
: cent martensite before tempering. 


» EXPERIMENTAL RESULTS AND 
DIscussION 


Impact energy and percentage brittle 
fracture have been plotted against 
testing temperature; examples are pre- 
sented in Fig. 2. These curves are for 

_ the three sizes of SAE 5140 tempered at 


100 200 300 400 500 600 
Testing Temperature, deg Fohr 


Fic. Py Energy and Percentage Brittle Fracture Curves for Three Sizes of 5140 Steel 
F. 


also used as a criterion of transition 
temperature in the region of brittle 
behavior. A complete discussion of the 
various fracture and energy transition 
criteria and the reasons for the selection 
of those used here was presented in a 
previous paper (12). (Points are plotted 
only for specimens in the transition zone 
so as to determine the temperature of 
90 per cent brittle fracture.) Both these 
criteria of transition temperature are 
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TABLE II.—TRANSITION ENERGIES AND TEMPERATURES. 


Transition Temper- 
80 per cent ature, deg Fabr 
Tempering 80 percent! Energy 
Nominal Grade Specimen Size | Unit Area Energy per | | (90 per 
deg Fahr | - om Under the unit Volume, Max a cent ; 
Notch, ft-lb per cu in. axi- | Brittle 
ft-lb per sq in. Fracture 
riterion 
Criterion 
Heart 3895 
8620 400 | Small 4.8 154 114 -125|-210 
(0.24% C) Standard 22 181 67 —65 | —125 
ge 83 250 56 75 —45 
500 Small 4.0 129 95 —100 | —150 
Standard 21 169 63 —30 —80 4 7 
Large 75 226 51 85 —20 - 
600 Small 4.8 154 114 15 | —115 
Standard 16 129 48 —45 —20 
Large 77 232 52 165 10 4 
700 Small 4.8 154 114 —25 | —140 7 
Standard 21 169 63 35 | -—20 
4s Large 82 247 56 140 20 a 
800 Small 6.4 206 152 —55 | —175 
Standard 25 206 76 70 — 65 
Large 96 289 65 75 -16 
1000 Small 8.8 283 210 —120 | —300 
Standard 48 387 143 —85 | —150 
Large 176 530 120 —25 | —140 
1200 Small 12.8 412 305 —135 | —320 
Standard 80 645 239 —70 bee 
Large 234 705 159 —110 | —200 
Heat 3898 
8630 400 Small 4.2 135 100 —65 | —250 
(0.338% C) Standard 20 161 60 —20 | —125 
Large 48 145 33 —95 —95 
500 Small 3.8 122 90 10 | —180 
Standard 19 157 58 —40 | —105 
Large 40 120 27 —10 25 
600 Small __3.8 122 90 125 | —130 
Standard 17 141 52 130 35 
Large 40 120 27 60 55 
700 Small 4.5 145 107 95 | —110 
Standard 20 161 60 75 20 
Large 36 108 24 —25 35 
800 Small 5.6 180 133 25 | —200 
Standard 25 206 75 120 —35 
Large 48 145 33 — 160 —60 
1000 Small 8.5 273 202 —105 | —305 
Standard 45 367 134 —25 | —185 
Large 137 413 93 —45 | —195 
1200 Small ll 360 267 —135 | —320 
Standard 64 516 191 —125 | —200 
Large 210 633 143 —130 | —230 


[Continued on Pages 944 and 945. 
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8655 
(0.53% C) 


Transition Tem 
80 per cent - . ature, deg Fahr 
Tempering 80 percent} 
Nominal Grade | TE™PE™ | Specimen Size | Maximum | Unit Area Energy per Soper | 90 per 
deg Febr | Under the | Unit Volume, | | cent 
Notch, ft-lb percuin. | ‘num | Brittle 
ft-lb per sq in. Energy Fracture 
Criterion Criterion 
Heat 3899 
8640 400 Small 2.7 87 64 -5 —95 
(0.42% C) Standard 13 105 39 —10 45 
Large 42 126 29 100 100 
500 Small 2.9 93 69 40 — 60 
Standard 14 117 43 75 40 
Large 35 105 24 —35 60 
600 Small 2.9 93 69 150 —5 
Standard 13 105 39 110 60 
Large 35 105 24 150 130 
700 Small 3.4 109 81 210 —30 
Standard 16 129 48 160 65 
Large 40 120 27 95 105 
800 Small 4 129 95 65 | —200 
Standard 20 161 60 125 —30 
Large 48 145 33 130 40 
1000 Small 5.8 186 138 —85 | —320 
Standard 36 290 107 10 | —175 
Large 104 313 71 40 | —185 
1200 Small 8.8 283 210 —135 | —320 
Standard 56 452 167 -—50 | —210 
Large 184 554 125 —40 | —230 
Heat 3900 
400 Small 2.1 67 50 175 170 


= 
q 
bl 
ta 
A 
Large 27 81 18 205 400 
on 500 Small 2.1 67 50 175| 130 
Standard 9.5 77 28 175 | 300 
Large 32 96 22 245 300 
aa 600 | Small 2.1 67 50 250| 145 
Standard 11 89 33 225 | 275 
Large 25 75 17 275 | 325 
aa 7 700 | Small 2.2 71 52 125| 115 
re, oe Standard 10 85 31 250| 215 
Ree Large 29 87 20 185 | 255 
800 | Small 2.3 74 55 -35| —30 
Standard 12 97 36 50 120 
Large 34 102 23 100} 150 
a 1000 | Small 4.3 138 102 —5 | —250 
; Standard 24 194 72 75 | —105 
Large 72 217 49 160 | —110 
1200 Small 7.2 232 171 —90 | —320 
” Standard 43 347 128 —35 | —170 
Large 147 443 100 —45 | -175 
° 944 


TABLE I1.—Concluded. 


Transition Temper- 
abr 


80 per cent ature, deg F 
‘Tempering 80 per cent 
Nominal Grade — Specimen Size Unie Ares, Energy per 90 per 
deg F ft-lb’ Under the Unit Volume, | yfasi- cent 

Notch, ft-lb per cu in. Brittle 

ft-lb per sq in. Fracture 
Criterion 

Heat 3905 

5140 400 Small 2.4 77 57 75 —40 
(0.42% C) Standard 11 89 33 105 170 

Large 30 90 20 100 185 

500 Small 2.1 67 50 100 25 

Standard ll 89 33 115 140 

Large 30 90 20 180 210 

600 Small 2.8 90 67 210 85 

Standard ll 89 33 200 190 

Large 30 90 20 250 250 

700 Small 3.0 96 71 265 75 

Standard 16 129 48 310 170 

Large 37 112 25 285 215 

800 Small 3.8 122 90 95 —75 

Standard 18 149 55 160 20 

50 151 34 165 75 

1000 Small 6.4 206 152 5 | —205 

Standard 40 323 119 75 | —110 

Large 128 385 87 85 | —100 

1200 Small 9.8 315 233 —80 | —295 

Standard 55 444 164 25 | —140 

Large 192 578 131 25 | —150 

Heat 3930 
4140 400 Small 2.7 87 64 —30 —90 
(0.40% C) 
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) 
) 
500 Small 2.0 O4 48 50 | —110 
Standard 13 109 40 —30 10 bg 
Large 38 114 26 —85 5 
600 Small 2.8 90 67 25| —20 : . 
Standard 13 105 39 75 55 
Large 35 105 24 0 80 : 
700 Small 3.2 103 76 135 —50 ° we 
Standard 13 105 39 110 100 
Large 35 105 24 65 120 
800 Small 3.4 109 81 55 —95 : 
Standard 16 129 48 80 40 
Large 41 124 28 —45 55 
1000 Small 5.4 174 129 30| -245 “ys 
Standard 29 234 87 50 | —100 . 
Large 91 274 62 100 | —150 
1200 Small 7.5 241 179 —90 
Standard 49 399 148 —50 | —175 
Large 168 506 -—70 | —220 
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Fic. 4.—Variation of 80 per cent of Maximum Energy per Unit Fracture Area and Volume 
with Tempering Temperature and Size for 8630 Steel. 
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Fic. 5.—Variation of 80 per cent of Maximum Energy per Unit Fracture Area and Volume with — 
Tempering Temperature and Size for 8640 Steel. 
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Fic. 7.—Variation of 80 per cent of Maximum Energy per Unit Fracture Area and Volume 
_ with Tempering Temperature and Size for 5140 Steel. 
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Fic. 8.—Variation of 80 per cent of Maximum Energy per Unit Fracture Area and Volume 


with Tempering Temperature and Size for 4140 Steel. 
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tabulated in Table II which also con- 
tains actual values of 80 per cent of 
maximum energy and values of 80 per 
cent of maximum energy per unit frac- 
ture area and per unit volume. The 
volume of the specimen was computed 
as the product of the three linear dimen- 
sions, the volume of the notch being 
disregarded. 


Maximum Energy: 


Consider first the effect of specimen 
size On maximum energy. It has been 
pointed out in previous investigations 
that the energy necessary to fracture an 
impact specimen consists of two parts, 
one part being a function of fracture 
area and the other a function of volume. 
The latter part consists of the elastic 
strain energy stored in the entire speci- 
men and stressed parts of the testing 
machine. This stored energy is released 
when it reaches a value high enough 
to cause self-propagation of the crack 
without the application of further ex- 
ternal energy. Thus, the values of 80 
per cent of maximum energy obtained in 
this investigation have been divided by 
both the fracture area (area beneath the 
notch) and by specimen volume, and the 
results tabulated in Table IT and plotted 
in Figs. 3 to 8. 

Examine first the curves of impact 
energy per unit fracture area versus 
tempering temperature. With the excep- 
tion of 8620 steel, all the steels exhibit 
relatively little size effect up to a tem- 
pering temperature of 700 to 800 F, 
that is, at the high hardness levels. At 
tempering temperatures from 800 F to 
1200 F, or at lower hardness levels, there 
is a pronounced size effect, impact 
energy increasing with specimen size. 
The large specimens of 8620 steel, in 
contrast to the other steels, has high 
impact energies even at low tempering 
temperatures. The reason for this be- 


havior is obscure. As has been pointed 
out, the large specimens of 8620 steel did 
not quench out completely to martensite 
but had 15 to 20 per cent of intermediate 
transformation products. The standard 
and small specimens did quench out 
completely to martensite. It seems un- 
likely, however, that this could explain 
the unusual behavior of this steel at low 
tempering temperatures (Fig. 3) because 
one might expect that, because of the 
presence of nonmartensitic transforma- 
tion products, the curve for the large 
specimens should lie below those of the 
other two sizes. 

Examine now the curves of 80 per 
cent of maximum energy per unit 
volume as functions of tempc..ng 
temperature. All of these curves, once 
again with the exception of 8620 steel, 
demonstrate a size effect, maximum 


energy increasing with decreasing speci- - 


men size. There is very little difference 
between the energy absorbed by the 
large and standard size specimens of 
8620 steel tempered from 400 to 800 F. 


Transition Temperature: 


Figures 9 to 14 present transition 
temperatures as functions of tempering 
temperature and specimen size using 


the 90 per cent brittle fracture criterion — 


of transition temperature. Use of the 80 
per cent of maximum energy criterion 
yields curves demonstrating the same 
tendencies as use of the 90 per cent 
brittle fracture criterion; however, there 
is considerable scatter in the data, the 
curves not being as well-defined as for 
the 90 per cent brittle fracture criterion. 

The curves of Figs. 9 to 14 show a 
definite size effect, the small specimens 
always exhibiting lower transition tem- 
peratures than the other two sizes. 
There is not as much difference in 
transition 
standard and large specimens as between 


temperature between the 
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Fic. 12.—Variation of Transition Tempera- 
ture with Tempering Temperature and Speci- 


men Size for 8655 Steel. 
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the small and standard; in fact, the size 
effect between standard and large speci- 
mens is exhibited principally at high 
hardnesses. 

It should be noted that in spite of the 
fact that the large specimens of 8620 
steel contained 15 to 20 per cent of non- 
martensitic transformation products, 
its behavior, Fig. 9, was no different 
from the behavior of the other steels. 

Examination of Figs. 9 to 14 does not 
reveal any consistent variation of size 
effect with tempering temperature, 
carbon content, or alloy grade. If such 
variations do exist, they are of such a 
magnitude that the precision of the 
present experimentation was inadequate 
for their observation. 

All the curves of Figs. 9 to 14, with 
the exception of 8655 steel, Fig. 12, 
exhibit the familiar maximum in transi- 
tion temperature at a tempering temper- 
ature of 600 to 700 F, which is the 
so-called “500 F embrittlement phenom- 
enon.” This phenomenon has been the 
subject of a considerable amount of 
recent research; a discussion of it is 
outside the scope of the present paper. 
The transition temperature of 8655 steel 
at low tempering temperatures is rela- 
tively high so that the maximum is not 
obtained for this steel. 

The 8600 series of steel at four carbon 
levels illustrate the effect of carbon on 
transition temperature, which increases 
with increasing carbon content. The 
effect of carbon content on the transition 
temperature of quenched-and-tempered 
alloy steels has been treated elsewhere 
(13). 
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CONCLUSIONS 


1, Maximum impact energy per unit 
fracture area (area under the notch) is : 
relatively independent of specimen size — 
at tempering temperatures from 400 F 
to 700-800 F, but is dependent on speci- 
men size at tempering temperatures 
between 700-800 F and 1200 F. In this 
region, maximum impact strength is 
higher the larger the specimen dimen- 
sions. 

2. Maximum impact energy per unit 
volume decreases with increasing speci- 
men size over the entire range of temper- 
ing temperatures investigated. 

3. A distinct size effect is exhibited 
in transition temperature; the transition 
temperatures of the small specimens — 


were considerably lower than those of — 
the standard size specimens, which were _ 
in turn generally lower than those of __ 


the large specimens, especially at high 
hardnesses. 


4. No consistent variation of size 
temperature, 
carbon content, or alloy grade is ob-— 


effect. with tempering 


servable in the data. 
5. For the 8600 series of steel, transi- 


tion temperature increases with carbon _ 


content. 
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Forged E9310 steel of the following com- 
position was used: 
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Bars of this material 10 in. long by 5 in. 
wide by 3 in. thick were austenitized at 
1500 F he 1 hr and oil quenched, then 
tempered at 1000 F for 1 hr and air 
cooled. The mechanical properties were 
as follows: 


Tensile strength, psi.............. 157 500 
Yield strength 0.02 per cent offset, 

Elongation in 2 in., per cent....... 12.5 
Hardness, Rockwell C............. 32 to 34 


The microstructure consisted of tempered 
martensite with some acicular ferrite. 

V-notch Charpy bars of the dimen- 
sions shown in the accompanying Fig. 15 
were machined from the heat-treated 
bars. 

Energy transition temperatures were 
determined by estimating the tempera- 
ture of greatest slope of the curves of 
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impact energy versus temperature and 
were as follows: 


| 
ransition 
Bar Size Temperature, 
eg Cont 
—70 


0 


It is interesting to report that we also 
found a distinct size effect, as the transi- 
tion temperatures of the smaller speci- 
mens were considerably lower than that 
of the standard size bar. This relation- 
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Messrs. J. A. Kres? anp G. R. IRw1n? 
(presented in written form).—It is ap- 
preciated that the authors pointed out in 
early portions of their paper that the 
energy and velocity of the striker could 
not be scaled and that the root radius of 
the notch was held constant as an ex- 
pedient not inconsistent with other 
deviations of the test procedure from 
what one might want for a scholarly 
study of fracture size effects. Within the 
necessary complexities presented by these 
impact tests from an interpretive view- 
point, it is believed unwise to use maxi- 
mum impact energy per unit fracture 


olume, | Fracture jof Impact | Striking 
Bar Size L, in. S, in. D, in. A, in. R, in. paog yy Ares, | Machine, | Velocity, q 
sq in. ft-lb | ft per sec 

Standard .......... 2.165 0.394 0.315 0.394 0.010 0.335 0.124 120 

SES 2.165 0.197 0.315 0.394 0.010 0.168 0.062 120 11.3 
2.165 0.098 0.315 0.394 0.010 0.084 0.031 16 $8.2 


Fig. 15.—Specimen Dimensions. 


ship was very nearly linear. We found, 
however, that the maximum impact 
energy was lowered as the unit fracture 
area increased (Table III). This finding 
disagrees with conclusion 1 of the paper. 
In partial explanation of this difference, 
it appears that the maximum energy ab- 
sorbed is not only a function of the unit 
fracture area (area under the notch), but 
of the specimen geometry as well. 

In addition, we also found that the 
maximum energy per unit volume de- 
creases with increasing specimen size 
(Table ITT). 

In general, the findings of our investi- 
gation were in good agreement with the 
conclusions presented in this paper. 


area as meaning “impact strength” as is 
done in the authors’ first conclusion. If 
there exists a significant test volume size 
which can be employed in an energy per 
unit volume ratio to obtain a quantity 
deserving the name impact strength, that _ 
significant test volume might, so far as 
one knows, be proportional to any power 
of the test size from one to three. In these 
impact tests there is not likely to be any — 
special relation of the observed energy 
loss to the severed area itself, since most 
of the energy is required just to obtain 
a well-started initial crack rather than to | 
propagate the crack across the specimen. 
2 Physicist and Superintendent, respectively, — 
Mechanics Division, Naval Research Labora- _ 
tory, Washington, D. C. ha? 
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The authors stated that self-propaga- 
® of their cracks occurred when the 
stored energy reached a high enough 
value. The potential strain-energy re- 
lease rate and the total strain energy 
usually increase together as the load on 
the specimen increases and the starting 
crack forms. However, it is the strain- 
energy release rate the magnitude of 
which is critical with respect to self- 
propagation. The strain-energy release 
rate depends upon the crack depth as 
well as upon the load.*: * The magnitude 
of the total strain energy should be re- 
garded more as an energy reservoir for 
continuing an already started self- 
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| ‘Total Energy, ft-Ib 
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| Energy per Unit Volume, ft-lb 


impact properties. Hodge and Lankford’ 
found that in SAE 4340 steel at a given 
hardness level the impact properties 
were not significantly affected by 1 to 5 
per cent of upper bainite or by 5 per cent 
ferrite. The impact properties at a given 
hardness level were significantly lowered 
by 10 per cent or more of upper bainite 
and also by 5 per cent or more of pearlite. 
Bailey*® showed for those steels, including 
AISI 5140, that 10 per cent nonmar- 
tensitic transformation products have 
very little effect on impact energy versus 
temperature curves although 30 per cent 
is detrimental. On the basis of the above 
published results, it can be assumed that 


TABLE III.—ENERGY PER UNIT VOLUME AND UNIT FRACTURE AREA AS A 
FUNCTION OF SPECIMEN SIZE. 


Energy per Unit Fracture Area, 
ft-lb 


Temperature, | 
| \% Size 19 Size | Full Size | \% Size 19 Size | Full Size | \4 Size | 4 Size | Full Size 
=—195..... 2.7 3.8 6.1 32.2 22.6 18.2 87.2 61.3 49.2 
—110.. | 3.0 5.8 17.0 | 35.7 34.5 50.8 96.8 93.6 137.1 
UR. ssc 6.3 8.5 23.0 75.0 50.6 | 68.7 203 .2 137.1 185.4 
—25..... 9.6 12.6 23.3 114.2 75.0 70.2 309.8 203 .2 187.8 
ee 9.5 18.5 32.5 113.1 110.1 97.1 306.1 298.8 261.0 
a 9.0 19.0 | 32.5 107.1 113.1 | 97.1 290.0 306.5 261.0 


@ Average of 3 values. 


propagating crack rather than as the 
reason for onset of unstable fast frac- 

turing. 
Regarding the variations in nonmar- 
i tensitic transformation products men- 
| tioned by the authors, it seems worth 


noting that a considerable amount of 
work has been published on the effects 
of such constituents on notched-bar 


3G. R. Irwin and J. A. Kies, “Fracturing 
and Fracture Dynamics,” The Welding Journal, 
Research Supplement, Feb., 1952, p. 95s—100s. 

4G. R. Irwin and J. A. Kies, “Critical En- 
ergy Rate Analysis of Fracture Strength,” The 
Welding Journal, Research Supplement, April, 
1954, p. 193s-198s. 


the impact energies for only the large- 
sized specimens of 8620 steel were prob- 
ably influenced by microstructure, al- 
though the trend in size effect does not 
seem to have been unduly upset thereby. 

Messrs. HARRY SCHWARTZBART AND 
J. P. SHEEHAN (authors’ closure).—The 
authors appreciate the comments of Mr. 
Zeno and Messrs. Kies and Irwin. 


5 J. M. Hodge and W. T. Lankford, “Influence 
of Nonmartensitic Transformation Products on 
Mechanical Properties of Tempered Martensite,” 
Technical Note Ne. 2862, Nat. Advisory Comm. 
Areonauties, Dec., 1952. 

®E. F. Bailey, “Effect of Nonmartensite De- 
composition Products on the Properties of 
Quenched-and-Tempered Steels,” Transactions, 
Am. Soc. Metals, Vol. 46, p. 830 (1954). 
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To correct an unwarranted omission of 
data from the paper, hardness data are 
herein presented for the various steels in- 
vestigated. Tensile strengths were not 
determined. 


: Hardness, Re, of Standard Size Specimens 

Steel 

4007 | 500 | 600 | 700 | 800 | 1000 | 1200 

8620...... 43 | 43 |42 |41 |39 | 31 | 23 
49 | 48 |46.5,44 |42 | 35| 28 

53.5| 51 |48.5.47 |45 | 38 | 30 

8655...... 57.5) 56 [52 |47 | 41 | 33 

‘54 | 51 49 /47.5.44.5) 35 | 27 

4140......|54 | 52 |50 |48.5)45 39 | 30 


Note.—Hardness of subsize and oversize 
specimens was the same as those shown for 
standard specimens, with exception of oversize 
specimens from the 8620 grade which were 2-3 
R, lower. 

@ Tempered for 1 hr at indicated tempera- 
tures. 


With respect to the comments of 
Messrs. Kies and Irwin, the authors 
would like to indulge in a bit of specula- 
tive rambling (which, possibly, is allow- 
able in a discussion if not in a paper). 

Attempting to rationalize size effect re- 
sults over the range of strength levels 
investigated in the present paper is in- 
deed difficult. The authors wonder if the 
comments of Kies and Irwin in respect 
to energy per fracture area do not apply 
more to “strong” specimens (low temper- 
ing temperature) than to “weak” speci- 
mens (high tempering temperature). Cer- 
tainly the relative amounts of energy 


or 
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needed to start the crack and to propa- 
gate the crack vary with tempering 
temperature, and this may account for 
conclusion 1, namely, that one set of size 
effect results (energy per fracture area) 
are obtained at tempering temperatures 
between 400 and 700 F and another set 
at tempering temperatures between 800 
and 1200F. In other words, at low 
tempering temperatures the material is 
relatively strong and brittle (by brittle, © 
meaning low inherent ductility). Most of 

the impact energy is required to start the _ 
crack. When the crack reaches a given 
length, the release of stored strain energy 
promotes self-propagation without addi- © 
tional assistance from the hammer 
needed. Under these conditions, certain 
size effects are obtained. At high temper- — 
ing temperatures the material is rela-— 
tively weak and ductile (relative to low — 
tempering temperatures). Some impact 
energy is required to initiate the crack. 
At this point some strain energy has been 
stored, but not as much as at the initia- 
tion of the crack for strong, brittle speci- 
mens. The hammer continues to supply © 
energy to propagate the crack for a ~ 
longer time than for strong, brittle speci- 
mens and may even have to supply — 
energy to propagate the crack the whole | 
way through the specimen. Thus, a_ 
different size effect is obtained. The ~ 
authors believe that all of this may ac- — 
count for the observations leading to | 
conclusion 1. 
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During the past few years there has 
developed a strong and growing demand 
for constructional steels with much 
higher strength than has been traditional 
for such steels. A tensile strength of 
about 180,000 psi used to be accepted 
as the maximum above which the notch 
ductility of steel was considered inade- 
quate for important structural members. 
This maximum is no longer universally 
accepted. Steels with strengths as high 
as 250,000 psi have been used in such 
critical parts as aircraft landing gear, 
and the possibilities of using even 
higher strength levels are under serious 
consideration. 

Of the several serious impediments to 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Head and Metallurgist, respectively, Fer- 
rous Alloys Branch, Metallurgy Division, Naval 
Research Laboratory, Washington, D. C. 


SYNOPSIS 


NOTCH-BAR TESTS OF HIGH-STRENGTH STEEL* 


By R. Rarinc! anp J. RINEBOLT! 


Charpy V-notch specimens of AISI 4340 steel heat treated to 210,000 
psi and 230,000 psi were tested at temperatures ranging from 320 F to —320 F 
by the conventional impact test and by slow bending. Energy absorption 
in the slow-bend test was calculated from automatically recorded load- 
deflection curves. The volume of plastically strained metal in the broken 
specimens was also used as a measure of ductility. -_ 
Energy absorption indicated by the impact test was much higher than 
energy absorption calculated from load-deflection data of the slow test. 
The volume of plastically strained metal in the specimens tested by impact, 
however, was not significantly different from that of specimens tested slowly. i 
The mechanism of crack formation and extension in V-notch Charpy speci- 
mens of high-strength steels is shown to be different from that of pearlitic 
steels or softer quenched and tempered steels. _ 


the use of high-strength steels (that is, 
steels with tensile strength greater than 
200,000 psi), their relatively low ductility 
is the most important. In the course of 
development and appraisal of such steels, 
it is necessary to select tests and param- 
eters for notch ductility evaluation. 
The Charpy notch-bar test is often used 
for this purpose. This paper serves to 
call attention to difficulties in the usual 
interpretation of results of V-notch 
Charpy tests of high-strength steels, 
which either do not arise or are less 
serious in tests of softer martensitic or 
pearlitic steels, and to suggest an alter- 
native interpretation. 

In V-notch Charpy tests of softer 
steels, there is a change in the fracture 
appearance from a silky, fibrous fracture 
above the transition temperature to a 
bright, granular fracture below this 
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transition; simultaneously, there is a 
fairly abrupt decrease in the energy 


temperature, not abruptly as with softer 
steels. Often, within the transition range, 


absorption. there is no significant change in energy 
60 0.0060 
50 sor Lip 0.00! 
} Slow Bend Thickness, 
4 Squared 
40 0.0040 
/ 
30 Energy,/mpact @ 0.0030 
,0020 
= 
P| “Energy, Slow Bend 
10 
-320-280-240-200-160-120-80 -40 40 80 120 160 200240280320 


Fic. 1.—Variation of Energy and Shear Lip with Temperature in Impact and Slow Tests of 


Temperature, deg Fahr 


Charpy V-Notch Specimens of AISI 4340 Steel, Tensile Strength 230,000 psi. 


Fic. 2.—Variation of Energy and Shear Lip with Temperature in Impact and Slow Tests of 7, 


Temperature, deg Fahr 


Charpy V-Notch Specimens of AISI 4340 Steel, Tensile Strength 210,000 psi. 


For high-strength steels there is no 
marked change in the fracture appear- 
ance as the test temperature is changed, 
except for a thickening of the shear lip 
along the edge of the bar. The energy 
absorption varies very gradually with 


60 0.0060 
Sheor Lip Thickness, 
° Squared 
a} Slow Bend / 
40 0.0040 
/ i nergy, impact 
2 
30 a0030 
20 0.0020 
LL Energy, 
a Slow Bend 
10 0.0010 
-320-280-240-200 “160-120 -80-40 O 40 80 I20 I60 200 240 280 320 


absorption when the temperature is 
varied by 200 F or more. The criteria 
for ductility and the definitions of transi- 
tion temperature used for softer steels 
are therefore less satisfactory for high- 
strength steels. 


Squore of Sheor Lip Thickness, in. 


Squore of Shear Lip Thickness, in. 
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Impact TEsts OF HiGH-STRENGTH STEEL 


Some results of Charpy V-notch tests 
_ of AISI 4340 steel, oil quenched from 
- 1550 F and tempered at 700 F (tensile 
- strength 230,000 psi) and 800 F (tensile 
strength 210,000 psi) are shown in 
Figs. 1 and 2 to illustrate certain of the 
points made above. The results are 
typical of those obtained with other 
heats of AISI 4340 and at other high- 
strength levels. The energy-temperature 
curve, for the impact tests, shows a 
very gradual decrease in energy absorp- 
tion as temperature decreases. The 
portion of the curve from +80 to —160 
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sides of the specimen narrowed as the 
test temperature decreased. This change 
in the thickness of the shear lip of 
specimens tested from +80 to —160 F 
seems to contradict the uniformity of 
the energy absorption observed over the 
same temperature range. Alternately, it 
may be deduced that the energy ab- 
sorption due to the shear lip is relatively 
small, 


Stow-BEND Tests oF HiGH- 7 


STRENGTH STEELS 


The behavior of these steels was in- 
vestigated further using V-notch Charpy 
specimens tested slowly. The test method 


—160 F 120 F 80 F —40F OF 40 F 80F 


Fic. 3.—Fracture Faces of Charpy Specimens of AISI 4340, Tensile Strength 230,000 psi, Tested 
Between 80 and —160 F. All indicated about the same energy absorption in impact test. 


F (Fig. 1) is drawn with zero slope and 
seems to fit the data about as well as 
any other smooth line would. It is 
evident that the determination of a 
transition temperature on such curves 
is difficult, especially when the energy 
level used to define the transition tem- 
_ perature is near the level of the energy 
plateau on the curve. 

The specimens represented by the 
points on the energy plateau (+80 to 
—160 F) of the impact curve of Fig. 1 
are shown in Fig. 3. It can be seen that 
most of the area of the fracture face is 
granular, typically characteristic of 
fast, brittle fracture. It is apparent that 
the thickness of the shear lip along the 


and apparatus has been described in 
detail.2 Briefly, the bar is supported 
and loaded exactly as it is in the impact 
test with the exception that the load is 
applied slowly in a universal testing 
machine. The load-deflection curve is 
automatically recorded and the energy 
to fracture is calculated from planim- 
eter readings of the area under the 
curve. 

The energy-temperature relationships 
determined by slow-bend tests are also 
shown in Figs. 1 and 2. It is evident that 
they are very unlike the impact curves. 

Raring, ‘““Load-Deflection Relationships 
in Slow-Bend Tests of Charpy V-Notch Speci- 


mens,” Proceedings, Am. Soc. Testing Mats., 
Vol. 52, p. 1034 (1952). 
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In slow bending, the energy did not 
- decrease when the test temperature was 
f lowered from +320 down to —100 F; 
/ in fact the curve indicates a tendency for 


f the energy to rise as temperature is 
: decreased. This effect will be explained 
later. 

; The dissimilarity between the curves 
, for the fast test and slow tests was sur- 


prising for at least two reasons. First, 
it has previously been shown by several 


investigators in tests of softer steels, for 
example, in reference (1), that slow tests 
of the various notch-impact specimens 
=. will give the usual kind of energy-tem- 
perature curve; the slow tests almost 
always indicate a lower energy absorp- 
tion above the transition temperature 
and, usually, a lower transition tem- 
perature. But the very marked differ- 
ences in the two curves, as shown in 
Figs. 1 and 2, were never found in these 
previous tests of softer steels. The 
second rather surprising and seemingly 
contradictory finding was that speci- 
mens broken by the two test methods 


= 


On Notcu-Bar TEST OF STEEL 


at any given temperature were un- 
distinguishable in appearance. This was 
surprising because it normally would be 

expected that the degree of plastic 

strain would increase as energy absorp- 
tion increases, but even though the 
energy in the impact test was as much | 
as three times as great as in the slow 

test (for example, the 320 F tests of — 
Fig. 1), the broken specimens were 
indistinguishable. 
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Fic. 4.—Typical Shear Lip of Fractured Charpy Specimen of High-Strength Stee 


SHEAR Lip ON BROKEN SPECIMENS 


In both the impact tests and the slow- 
bend tests, it was observed that the 
thickness of the shear lip along the 
sides of the fracture decreased as the 
test temperature decreased. This tem- 
perature effect is shown on Figs. 1 and 
2 by the plot of the square of the depth 
of the shear lip versus the testing tem- 
perature for both fast and slow tests. 
The curves representing the fast and 
slow tests show near superimposition. 

The reason for plotting the square of 
the depth rather than depth itself is not 
entirely an arbitrary one, for it is 
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| 
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reasonable to conclude that the square 
more closely represents the volume of 
the strained metal, and therefore more 
closely represents ductility and energy, 
than does the depth itself. Figures 4 and 
5 illustrate the characteristic appearance 
and shape of the shear lip and the 
strained area on the side of the specimen 
behind the fracture. It was observed 
that the maximum depth (Fig. 4) was 
always about half of the width of the 
strained area on the side of the specimen 
(Fig. 5) ts widest From tl 


_ Fic. 5.—Typical Elliptic Shape of Plastically Strained Area on Side of Fractured Charpy Speci- 
of High-Strength Steel. 


observations, it is considered that the 
volume of strained metal associated with 
the shear lip assumes the shape, ap- 
proximately, of one half of a prolate 
spheroid with a major axis equal to the 
thickness of the specimen at the root of 
the notch. The volume, therefore, would 
vary approximately as the square of 
half the minor axis, that is, the square 
of the depth of the shear lip. 

It is suggested that the variation of 
the square of the depth of the shear 
lip with temperature ‘s a more sensitive 


960 RARING AND RINEBOLT 


index of the effect of temperature on 
ductility than are the energy values 
taken from the impact machine or 
calculated from the data of the slow- 
bend test. Furthermore, the shear lip 
curve more closely resembles the tem- 
perature-ductility relationships observed 
in tests of softer steels when the con- 
ventional parameters for ductility are 
used and permits a more precise determi- 
nation of a transition temperature, by 
any of the definitions of transition 
emperature, than the energy curves. 


DISCUSSION 


In order to explain why the energy- 
temperature curves for the slow-bend 
tests do not indicate a transition (see 
Figs. 1 and 2), it is necessary to consider 
the load-deflection curves for tests at 
the various temperatures. When softer 
steels (less than 180,000 psi tensile 
strength) are tested at temperatures 
above the transition temperature, curves 
similar to C in Fig. 6 are obtained. There 
is first a straight, elastic portion, followed 


noo. 
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by yielding and bending of the specimen. 
Plastic strains develop throughout a 
large volume extending to as much 
as } in. on either side of the notch. 
Soon after yielding has occurred, a 
small shear crack develops which slowly 
widens and deepens as the test pro- 
gresses, until finally the specimen is 
separated by a tearing-like action. 
External energy from the testing machine 
must constantly be supplied to advance 
the crack. As the test temperature is 
lowered to below the temperature at 
which brittleness begins, the shear 
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accompanied by a gradual attrition of 
the work area under the curve, and 
results in the usual energy-temperature 
relationship. Examples of load-deflec- 
tion curves and transition curves for 
pearlitic steels and softer martensitic 
steels are shown in the earlier report.’ 
High-strength steels tested in slow 
bending show entirely different results. 
In tests at temperatures as high as 
330 F, no slowly advancing shear cracks 
were observed, no plastic bending oc- 
curred on the specimen, and in no in- 
stance did a load-deflection curve like 


-98°F 


Softer Steel(8O OOO Tensile 


Strength) at Room Temp 


02 


0.3 04 Os 


Deflection, in. 


Fic. 6.—Typical Load-Deflection Curves from Slow-Bend Tests of Charpy V-Notch Specimens 
of AISI 4340 at 230,000 psi Tensile Strength (A and B) and Pearlitic Carbon Steel of 0.30 per cent 


Carbon (C). 


crack becomes unstable late in the 
course of the test and extends for a very 
small distance as a fast cleavage crack. 
In the fractured specimen, this fast part 
of the crack is manifested by the familiar 
small patch of graininess, which con- 
trasts with the fibrous part developed 
by the slow advancement. When the 
small fast crack occurs, the load drops 
abruptly, thus decreasing the area 
under the load-deflection curve. In this 
same fashion, further lowering of the 
test temperature causes a gradual en- 
largement of the fast granular crack 


C of Fig. 6 develop. Instead, the load | 


deflection curves at all test temperatures 


were like curves A and B of Fig. 6. 


Curve A indicates that even at 330 F 
the deflection was elastic up to the 


fracture point. The crack started at 
this point, and the elastic energy was — 
sufficient to drive a fast, instantaneous © 
crack almost completely through the — 
specimen without the addition of more 


energy from the machine. The small 
tail on the end of the curve is a measure 
of the small amount of additional work 
that had to be supplied by the machine 
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to complete the fracture. This area is 
included in the energy calculation. As 
the test temperature was lowered, this 
same behavior occurred until at about 
80 F the elastic energy was sufficient to 
complete the fracture, and the curve 
had no tail. As the temperature was 
lowered further, the elastic strain 
energy available at the maximum load 
remained constant or increased slightly, 
while the energy absorbed by the frac- 
turing process progressively decreased. 
Thus the steel undergoes a transition 
which the energy-temperature curve 
does not show. The difference between 
these two energy values appeared as 
kinetic energy of the broken specimen, 
which was thrown from the machine 
with increasing speed as the test tem- 
perature was lowered. 

The load-deflection curve for a —98 F 
test is shown as B in Fig. 6. Notice 
that maximum load is greater than that 
of the higher temperature test. There 
was small but constant trend toward 
higher loads as the temperature was 
lowered. The higher elastic strain 
energy associated with the higher load 
was sufficient, or slightly more than 
sufficient, to compensate for the energy 
associated with the tail of the curve. 
Tests below 80 F did not have a tail 
as in curve A of Fig. 6. This is reflected 
by the lack of slope, or the slightly 
negative slope, of the energy-temperature 
curves for the slow-bend tests shown 
by Figs. 1 and 2. 

It is evident that the impact test 
indicates a much higher energy ab- 
sorption at high temperatures than does 
the slow-bend test. The greater energy 
absorption in the fast test suggests that 
a high strain rate has the effect of in- 
creasing the strength or ductility or 
both. But the fact that there is no 
obvious difference in the physical evi- 
dences of plastic strain on the speci- 


mens broken at the same temperature 
by fast and slow tests indicates that 
there was no effect of strain rate on the 
amount of plastic strain. It has often 
been shown that increasing the strain 
rate can raise the yield load; but 
such an effect does not provide a satis- 
factory or likely explanation of the 
energy difference, because the broken 
specimens show no evidence of bending. 
Clarification of this strain-rate effect 
would be possible by making dynamic 
load-deflection diagrams during impact 
testing. This approach would require 
elaborate instrumentation, however, and 
was beyond the scope of this investiga- 
tion. 

In comparing the impact curves at 
the two strength levels, it can be ob- 
served that the maximum energy is 
lower for the steel of higher strength, 
and that the first decrease in energy 
absorption occurs at a higher tempera- 
ture for the higher strength steel. The 
shear lip measurement also indicates a 
higher transition for the higher strength 
steel. The energy data from the slow- 
bend test, on the other hand, do not 
indicate a transition, for reasons ex- 
plained above. 

FINDINGS 


1. The thickness of the shear lip on 
broken V-notch Charpy specimens of 
high-strength steels provides a_po- 
tentially useful index of ductility. 

2. Energy absorption indicated by the 
impact test exceeds the energy absorp- 
tion calculated from results of slow- 
bend tests. 

3. There is little or no difference in 
the volume of plastically strained 
material on specimens broken by impact 
and those broken in slow bending. 

3W. Schwinning and K. Matthaes, “The 
Significance of the Notch Impact Test,’’ Deut- 
scher Verband fiir Materalprufiing der Technik 
Report No. 78 (1927). 
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Mr. J. A. Kies'—When a Charpy 
specimen is broken it seems reasonable 
to suggest that the maximum fiber stress 
must reach a typical value characteristic 
of the material and dimensions of the 
test piece. Although fast fracture begins 
when the rate of release of elastic energy 
equals or exceeds the rate of absorption 
in crack propagation this condition is 
not dictated by the total elastic energy 
content of the specimen. If this happens 
to be in excess of the total amount re- 
quired for completion of the fracture, the 
excess will be dissipated in various ways 
but will all be included in the measure- 
ment of energy absorbed. In the case of 
high-strength materials with moderate or 


1 Physicist, Mechanics my Naval Re- 
search Laboratory, Washington, D 


DISCUSSION 


low values of energy absorption per unit 
fracture area, high bending loads are re- 
quired which are likely to require the 
input of so much elastic energy in the 


specimen that the Charpy impact test — 


may not be a satisfactory measure of 
the energy for fracture. 

Mr. R. H. Rarinc (author).—Mr. 
Kies has offered a rationalization of the 
failure of high-strength steel to indicate 
an energy transition with temperature in 


slow tests of Charpy V-notch speci-— 


mens. The authors agree with his ex- 
planation. It points out an essential 


difference between high-strength steel — 


and softer steels in this test which 
should be taken into consideration by in- 
vestigators who use this type of test in 
the evaluation of high-strength steel. 
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At the request of the ASME Boiler 
Code Subcommittee on Stress Allow- 
ances for Ferrous Materials, the ASTM- 
ASME Joint Committee on Effect of 
Temperature on Properties of Metals has 
conducted an _ investigation of the 
strength of carbon steels for elevated- 
temperature applications. The project 
was assigned to the Petroleum and 
Chemical Panel of the Joint Com- 
mittee, and the tests were carried out 
cooperatively by the following com- 
panies: 

Babcock & Wilcox Co. —_ 

Bethlehem Steel Co. 

General Electric Co. 

Inland SteelCo. 

Jones & Laughlin Steel Corp. 

National Tube Division, U. S. Steel 
Corp. 

Timken Roller Bearing Co. 


Youngstown Sheet and Tube Co. 
United States Steel Corp. 


The purpose of this investigation was 
to provide reliable information on the 
elevated-temperature strength of present- 
day carbon steel plate and seamless pipe, 
in the condition in which it is used in 
service, for the assistance of the Boiler 
Code Subcommittee in evaluating the 
allowable working stresses for such 
materials. The steels selected conformed 


to the following ASTM Specifications: 


> 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
1 United States Steel Corp., Pittsburgh, Pa. 


THE STRENGTH OF CARBON STEELS FOR 
ELEVATED-TEMPERATURE APPLICATIONS* 


By R. F. 


964 


MILLER! 


3 


Grade B of Tentative Specifications for 
Carbon-Silicon Steel Plates of Inter- 
mediate Tensile Ranges for Fusion 
Welded Boilers and Other Pressure 
Vessels (A 201 -52aT)*, and Grade B 
of Tentative Specification for Seamless 
Carbon-Steel Pipe for High-Temperature 
Service (A 106-52T).? In order to 
study the effect of manufacturing 
practice, heats with high and low grain- 
coarsening temperatures (made with and 
without aluminum as a final deoxidizer) 
were included in the investigation. 
Elevated-temperature tension, creep, 
and rupture tests were carried out, and 
the grain-coarsening characteristics were 
determined. The original plans for this 
investigation called for testing the plate 
material in the stress-relieved condition 
and the seamless pipe material in the 
as-rolled condition in order to simulate 
as closely as possible the condition in 
which these materials are used in 


elevated-temperature applications. 4 


The chemical composition of the 
carbon plate steel heats is shown in 
Table I, together with the actual ferrite 
grain size, McQuaid-Ehn grain size, and 
austenite grain-coarsening characteris- 
tics. Six heats of the plate steel (ASTM 
A 201, Grade B) were tested, three 
having been inade to coarse-grain 
practice and three to fine-grain practice. 


CARBON PLATE STEEL 


2 1952 Book of ASTM Standards, Part 1, p. 
410 and p. 40. 
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The final ladle additions are also shown 
in Table I. In line with the original 
plans for this investigation, the plate 
steel heats were rolled to 1-in. thick 
plates and tested after stress relieving 
for 2 hr at 1150 F. Additional tension 
tests were carried out on these materials 
in the as-rolled condition in order to 
obtain more information on their strain- 
aging characteristics. 


Austenite Grain-Coarsening Character- 
istics: 
The austenite grain-coarsening charac- 
teristics of these steels were determined 
by the Youngstown Sheet and Tube Co. 


coarse-grain practice (no aluminum) 
begin to coarsen between 1600 and 
1700 F. The heats made to fine-grain 
practice, both of which received a final 
deoxidation with aluminum, remained 
fine-grained up to 1700 F, and began to 
coarsen between 1700 and 1800 F. Both 
of the aluminum deoxidized heats 
showed a duplex grain size at 1800 F, 
and continued to coarsen up to 1900 F, 
after which there was a slight reduction 
in the grain size. 

Despite the differences in austenite 
grain-coarsening characteristics, the ac- 
tual ferrite grain size of all six heats 
was about the same, ranging from No. 


TABLE II.—AUSTENITE GRAIN-COARSENING CHARACTERISTICS 
OF PLATE STEEL HEATS. 


Heat Austenite Grain Size* After 60 min at Temperature 
Type of Manufacturing Practice 
1600 F 1700 F 1800 F 1900 F 2000 F 
B 6 2-4 3-4 3 3 
CG1 3-6 4 4 3-4 2-3 
I 6-7 6 1-6 2-3 4-5 
IG Gicictindienivedawems FG1 6-7 6-7 1-6 2-3 3-4 


* ASTM grain size number. 


The gradient-quench method (1)* was 
employed, consisting of heating a small 
specimen (13 by 3 by in.) to the 
desired temperature for 60 min and 
quenching one end in brine. Precaution 
was necessary to avoid the formation of 
excessive scale while heating the speci- 
men. The grain size was determined in 


the zone adjacent to the quenched end, 


where the austenite grains were outlined 


by fine pearlite. The results of the tests 


on plate steels are shown in Table II. 
Since steels CG2 and FG2 were dupli- 
cates of CG1 and FG1, it was felt that 
it would be unnecessary to carry out 
-grain-coarsening studies on these ma- 
terials. 

Table II shows that the heats made to 


_ %The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
= p. 986. 


5-6 to No. 6-7. The size and appearance 
of the pearlite areas were also about the 
same in all six heats as is shown in 
Fig. 1. It thus appears that the hot 
working of the slab to the plate has more 
influence on the actual ferrite grain size 
and microstructure than does _ the 
austenite grain-coarsening temperature. 


Tensile Strength: 


The tensile strength of the six plate 
steel heats at room temperature, 200, 
400, 600, 800, and 1000 F are shown in 
Table III and the results are plotted in 
Figs. 2, 3, 4, and 5. It will be seen from 
Fig. 2 that all three of the plate heats 
made to coarse-grain practice show a 
considerable rise in tensile strength in 
the neighborhood of 400 to 600 F. By 
this criterion, these materials are thus 
seen to be susceptible to strain aging in 
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Coarse-Grain Practice Fine-Grain Practice 


" Fic. 1.—Microstructure of Plate Steel Heats—Nital Etch (X 100). _ 7 
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TABLE III.—_TENSION TEST RESULTS FOR PLATE STEEL HEATS. 


Test 
tion 
Type of Manufacturing nditi Strength of 
cent | cent 
Coarse Grain...... B Stress Relieved Room | 65 500 37 000 34 | 62.2 
(39 250 YP) 
Coarse Grain...... B Stress Relieved 200 | 60 000 32 500 35.5) 62.6 
Coarse Grain...... B Stress Relieved 400 | 72 750 34 250 24.3) 48.6 
Coarse Grain...... B Stress Relieved 600 | 75 500 28 120 25.3) 49.3 
Coarse Grain...... B Stress Relieved 800 | 57 500 26 620 39.5) 70.8 
Coarse Grain...... B Stress Relieved 1000 | 37 250 21 370 54.8) 78.7 
Coarse Grain...... CG1 Stress Relieved Room | 61 500 34 500 35.5) 64.0 
(39 200 YP) 
Coarse Grain...... CGl1 Stress Relieved 200 58 900 31 200 29.0) 61.0 
Coarse Grain...... CGl1 Stress Relieved 400 74 300 29 300 21.0) 50.0 
Coarse Grain...... CG1 Stress Relieved 600 67 600 23 300 31.5) 59.0 
Coarse Grain...... CGl1 Stress Relieved 800 51 200 22 700 39.5) 73.0 
Coarse Grain...... CG1 Stress Relieved 1000 | 31 800 18 000 54.0) 83.0 
Coarse Grain...... CG2 Stress Relieved Room | 64 300 36 700 34.5) 63.0 
(40 300 YP) 
Coarse Grain...... CG2 Stress Relieved 200 | 62 100 33 200 27.5) 61.0 
Coarse Grain...... CG2 Stress Relieved 400 | 74 800 31 400 20.0) 49.0 
Coarse Grain...... CG2 Stress Relieved 600 | 71 300 25 000 30.0) 58.0 
Coarse Grain...... CG2 Stress Relieved 800 54 700 24 900 36.5) 68.5 
Coarse Grain...... CG2 Stress Relieved 1000 | 34 500 20 400 50.0) 80.5 
Fine Grain........ I Stress Relieved | Room | 64 500| 38 000 40.0} 66.1 
Fine Grain........ I Stress Relieved 200 | 60 500 36 500 33.5) 64.7 
Fine Grain........ I Stress Relieved 400 | 61 000 32 000 32.0) 56.5 
Fine Grain........ I Stress Relieved 600 | 61 500 28 500 33.0) 60.3 
Fine Grain........ I Stress Relieved 850 | 42 000 26 750 21.5) 64.7 
Fine Grain........ I Stress Relieved 1000 | 29 750 23 500 39.5) 60.3 
Fine Grain........ I As Rolled Room | 65 600 37 600 34.0) 65.0 
Fine Grain........ I As Rolled 200 | 60 900 35 400 31.0) 63.5 
Fine Grain........ I As Rolled 400 | 66 200 34 000 23.0) 53.5 
Fine Grain........ I As Rolled 600 | 69 000 28 800 30.0) 59.0 
Fine Grain........ I As Rolled 800 | 55 100 26 800 35.5) 70.0 
Fine Grain........ I As Rolled 1000 35 700 21 100 44.0) 69.5 
Fine Grain........ FG1 Stress Relieved Room | 64 600 35 000 34.0) 58.5 
Fine Grain........ FG1 Stress Relieved 200 | 60 000 35 000 33.5) 57.0 
Fine Grain........ FG1 Stress Relieved 400 59 400 28 800 28.5) 59.0 
Fine Grain........ FG1 Stress Relieved 600 59 000 26 500 30.0) 59.5 
Fine Grain........ FG1 Stress Relieved 800 | 52 400 23 900 40.0) 70.5 
Fine Grain........ FG1 Stress Relieved 1000 | 34 700 20 300 40.0) 58.5 
Fine Grain........ FG1 As Rolled Room | 66 200 33 000 35.0} 60.0 
Fine Grain........ FG1 As Rolled 200 | 61 300 30 200 32.0) 55.5 
Fine Grain........ FG1 As Rolled 400 68 500 30 000 23.0) 54.0 
Fine Grain........ FG1 As Rolled 600 | 68 700 29 200 27.0) 51.0 
Fine Grain........ FG1 As Rolled 800 | 55 900 26 800 35.0) 65.0 
Fine Grain........ FG1 As Rolled 1000 | 35 700 22 500 40.0) 70.0 
Fine Grain........ FG2 Stress Relieved Room | 65 600 36 800 32.5) 61.0 
Fine Grain........ FG2 Stress Relieved 200 | 61 100 34 400 33.0) 63.0 
Fine Grain........ FG2 Stress Relieved 400 60 500 31 700 | 28.5) 60.5 
Fine Grain........ FG2 Stress Relieved 600 60 300 26 300 | 29.0) 61.5 
Fine Grain........ FG2 Stress Relieved 800 54 000 25 800 40.0) 69.5 
100 5 
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TABLE III.—Concluded. 


Elon- |Reduc- 

Heat Test i gation} tion 

nation deg Fahr psi Offset), psi Any —, 

cent | cent 
ine Grain........ 400 35 600 31.0) 61.0 
Fine Grain........ FG2 As Rolled _ . 400 | 66 800 31 600 24.5) 57.0 
Fine 600 | 67 400 29 100 28.0) 57.0 
Fine Grain........ Ro! 800 | 56 200 27 500 36.0) 65.5 
Fine Grain........ FG2 As Rolled 1000 | 36 700 22 600 44.0) 63.0 


Tensile requirements for A 201, Grade B: Tensile strength, 60,000 to 72,000 psi; yield point 
32,000 psi min; elongation in 2 in, 26 per cent min. 


the stress-relieved condition. By con- 
trast, the three plate heats made to 
fine-grain practice (I, FGi, and FG2, 
Figs. 3, 4, and 5) show little or no 
strain aging when tested in the same 
condition. 

As a supplement to this program, the 
U. S. Steel Research and Development 
Laboratory carried out tension tests and 
chemical analyses for nitrogen‘ on 
as-rolled material from all of the plate 
heats made to fine-grain practice. This 
was done because the seamless pipe 
steel heats, which were in the as-rolled 
condition, showed an appreciable rise in 
tensile strength at 400 to 600 F even 
though some were made by fine-grain 
practice, and it was desired to determine 
whether the plate heats made to fine- 
grain practice would behave in a similar 
fashion if tested in the as-rolled con- 
dition. 

U. S. Steel’ offered the following 
comment: 


“Tf aluminum is added to the steel and 
the steel is then treated so that the aluminum 
combines with the nitrogen to form alumi- 
num nitride (AIN), the sensitivity to strain 


4The total nitrogen content was determined 
by the wet chemical method (millings dissolved 
in perchloric acid, solution neutralized, am- 
monia distilled off, ammonia content of dis- 
tillate determined using Nessler’s reagent). 
The nitrogen as aluminum nitride was deter- 
mined by the Beeghly method (2). 

5 Private communication from R. W. Vander- 
beck, U. S. Steel Corp. 


aging is reduced, or, by certain criteria, 
removed. In the as-rolled condition, steels 
high in aluminum frequently exhibit strain- 
aging sensitivity because the aluminum has 
not combined with the nitrogen to form 
AIN. A treatment such as normalizing, 
however, favors the formation of AIN, thus 
reducing the amount of free nitrogen in the 
steel and reducing strain sensitivity. There 
is reason to believe that stress relieving at 
1150 F may also favor the formation of 
AIN, thus causing the behavior observed.” 


This subject has been discussed in 
recent papers by Leslie and Rickett (3) 
and Enzian (4). 

It is apparent from Figs. 3, 4, and 5 
that stress relieving at 1150 F did 
indeed suppress the strain aging of the 
plate heats made to fine-grain practice 
(aluminum deoxidized); the mechanism 
by which the strain aging was sup- 
pressed is disclosed by the nitrogen 
analysis (Table 1). In the as-rolled 
condition, very little of the total nitrogen 
was tied up as aluminum nitride, but in 
the stress-relieved condition, a sub- 
stantial portion of the nitrogen was 
combined in this form and was therefore 
not available to produce strain aging. 
In the heats made to coarse-grain 
practice, however, there was _ insuf- 
ficient aluminum to combine with the 
nitrogen, and thus these heats showed a 
strong strain-aging tendency (Fig. 2), 
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even in the stress-relieved condition. At 
800 and 1000 F, the tensile strengths of 
the stress-relieved heats made to coarse- 
grain practice and of the stress-relieved 
and as-rolled heats made to fine-grain 
practice are similar. 
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ally similar behavior in the stress-re- 
lieved condition, except for heat I 
(Table III). In this material, stress- 
relieving results in the lowest tensile 
strength but the highest yield strength 
in the temperature range 800 to 1000 F. 


Stress relieving appeared to have little 
effect on the yield strength, which de- 
clined uniformly from room temperature 
to 1000 F (Figs. 2, 3, 4, and 5). It would 
not be expected that strain aging would 
be apparent in the yield strength data, 
since only 0.2 per cent plastic strain is 
involved in its determination. For the 
sake of comparison, all of the yield 
strength data for the plate heats are 
plotted in Fig. 6. 

At 800 and 1000 F, the plate heats 
made to fine-grain practice show gener- 


™™ 
=, 
™ 
8 
~ bd 
; 
20000} 
a 
@ Coorse-Groin Practice, stress relieved 
Fine-Groin Practice, stress relieved 
© Fine-Grain Practice, as-rolled 
10000+ 
> 
200 400 600 800 1000 
‘é Temperature, deg Fahr 
5 Fic. 6.—Yield Strength (0.2 per cent Offset) of Carbon Steel Plate. 
Yield Strength: A possible reason for this behavior may 


be in the difference in deoxidation prac- 
tice; FG1 and FG2 were given a final 
deoxidation with aluminum, whereas for 
heat I, ferro-carbon titanium was em- 
ployed in addition to aluminum. 


Ductility: 


The ductility (elongation and reduc- 
tion of area) of the plate heats is shown 
in Table III. From these data, it appears 
that there is only a slight decrease in 
ductility in the blue-brittle range for the 
stress-relieved heats made by fine-grain 
practice, which show no strain aging. 
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The decrease is quite pronounced, how- 


strain aging, and is greatest for the heats 


TABLE IV.—RESULTS OF RUPTURE TESTS AT 1000 F ON PLATE STEEL HEATS 
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of the heats made to fine-grain practice. 
ever, for those materials that do show It is interesting to note that at 1000 F 


the stress-relieved fine-grain practice 


STRESS-RELIEVED 2 HR AT 1150 F. 
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| 
> ion| Reduction ini Ratio of 
Type of Rupture at of Creep Bate 
ure, r cen 
tion per cent hr 
Coarse Grain......... B 21 000 6.3 3.03 
Coarse Grain......... B 16 000 26.4 0.57 
Coarse Grain......... B 11 000 | 392 0.093 
Coarse Grain......... B 9 000 | 2504 0.0037 
Coarse Grain......... B 7 500 | 5280 0.00093 
Coarse Grain......... CGl1 20 000 6 73 83 3.45 12.2 
Coarse Grain......... CG1 15 000 47 78 85 0.31 1.62 
Coarse Grain......... CG1 12 000 195 81 83 0.0045 0.42 
Coarse Grain......... CG1 10 000 | 500 81 81 0.016 0.163 
Coarse Grain......... CGl1 7 000 | 2650 bd 60 0.0011 e 
Coarse Grain......... CG2 25 000 2 65 78 9.42 32.5 
Coarse Grain......... CG2 20 000 14 69 80 1.35 4.93 
Coarse Grain......... CG2 15 000 76 78 82 0.144 1.03 
Coarse Grain......... CG2 10 000 | 850 77 73 0.012 0.091 
Coarse Gral.......<.0+ CG2 8 000 | 2650 76 69 0.0014 0.029 
Fine Grain........... I 25 000 0.33 ie 40.0 ae 
Fine Graim........00. I 20 000 4.7 37.7 0.33 8.03 
I 15 000 68.6 39.0 0.0188 0.568 
ee I 10 000 | 1155 40.0 0.0016 0.0347 
ae I 9 000 | 2035 36.9 0.0010 0.0185 
Fine I 8 000 | 5637 0.00028? 0.00492 
FG1 30 000 0.12 | 42.0 58.4 160.0 350.0 
a FG1 24 500 0.90] 31.5 45.7 15.7 35.0 
| FG1 20 000 6.75 | 38.5 45.2 2.34 5.70 
Fine Grain........... FG1 15 000 83.2 46.5 49.2 0.187 0.559 
ee FG1 12 500 289 39.5 47.0 0.0516 0.137 
Fine Graim........2.+. FG1 10 000 | 1150 39.0 38.3 0.0113 0.0339 
Vine FG1 9 000 | 2509 21.0 31.2 0.00620 0.00837 
FG1 7 000 | 9636 20.0 28.0 0.00193 0.00208 
Fine Grain........... FG2 30 000 0.13 42.5 56.8 154.0 327.0 
Fine Grain........... FG2 24 500 1.57 35.0 44.6 9.6 22.3 
i ee FG2 20 000 8.2 38.5 46.8 1.88 4.70 
Vine Grain........5.. FG2 15 000 71.0 43.5 52.5 0.200 0.613 
re FG2 12 500 266.7 48.5 50.1 0.0534 0.181 7 
i ee FG2 10 000 | 1171 31.5 40.9 0.00933 0.0269 1; 
i ee FG2 9 000 | 2078 32.6 35.1 0.00439 0.0157 
Vine Grain... 2.605% | FG2 7 000 | 9240 20.0 33.0 0.00200 0.00216 


@ Gage marks obliterated by excessive scaling. 


> Not confirmed by check creep tests. 


made to coarse-grain practice. The 
ductility of these coarse-grain practice 
heats is slightly greater at 800 F and 


appreciably greater at 1000 F than that 


> 


heats have the lowest ductility although 
they are the least susceptible to strain- 
aging in the 400 to 600 F temperature 


range. 
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Rupture Strength: 


The results of the rupture tests of the 
stress-relieved plate heats are shown in 
Table IV and in Fig. 7. There appears 
to be no distinguishable difference in the 
rupture strength of the heats made to 
coarse-grain and fine-grain practice, at 
least out to a rupture time of 10,000 hr. 
The average rupture strength of these 
materials for different time periods is 
shown in Table V. 
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Research Laboratory at Kearny, N. J. 
The results are plotted in Fig. 8. 

The creep data from the rupture tests 
show little difference between the be- 
havior of the heats made to coarse-grain 
and fine-grain practice. However, the 
low-stress creep tests show that, at the 
low creep rates, the heats made with no 
aluminum (coarse-grain practice) have 
a marked superiority to the heats de- 
oxidized with aluminum (fine-grain 
practice). The average creep strengths 


_ Heats made to coarse-grain practice (e) 
Heats made to fine-grain practice (o) 


!0000 
2 3 
10 100 1000 10 000 100 000 
47" Time for Rupture, hr 
+s Fic. 7.—Rupture Strength of Carbon Steel Plate 1000 F. 


One other point of some importance 
will be noted from examination of the 
rupture data in Table IV. Here again, as 
in the tensile data, it is evident that at 
1000 F, the ductility of the plate heats 
made to coarse-grain practice is much 
greater than that of the heats made to 
fine-grain practice. No reason for this 
difference in behavior is obvious from 
the data available. 


Creep Strength: 


Creep data for these heats were ob- 
tained from the rupture tests (Table IV) 
and from the low-stress creep tests 
(Table VI) that were carried out by 


Bethlehem Steel Co. and the U. S. Steel 


of these materials at selected creep rates 
are shown in Table VII. At very low 
creep rates, there were insufficient data 
to permit a measurement of the stress for 
a creep rate of 0.00001 per cent per hr 


TABLE V.—RUPTURE STRENGTH OF 
STRESS-RELIEVED PLATE STEEL AT 
1000 F. 


Time for Rupture, hr moe pd 
Extrapolated. 
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TABLE VI.—RESULTS OF CREEP TESTS ON PLATE STEEL HEATS AT 1000 F. 
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: 
Type of Manufacturing Practice Heat Designation | Stress, psi Dusstien, 
7 
TRON B 2 500 2100 0.000020 
CG1 3 500 2650 0.000021 
CGl1 4 000 3000 0.000036 
CGl1 6 000 3000 0.000275 
CG2 3 500 2650 0.000010 
CG2 6 000 3000 0.000177 
I 2 500 2400 0.00024 
I 2 500 1700 0.00023 
I 2 500 1700 0.00028 
FG1-A 3 500 2300 0.00031 
Heats made to coarse-grain practice 
> Heats made to fine-grain practice (co) 
50000} ad 


Stress, psi 


fro 
ep Data 


m Rupture 


cre e 


> 


Tests 
° 


0.00000! 0.0000! 0,000! 0.001 Ol 


Minimum Creep Rate, per cent per hr 
Fic. 8.—Creep Strength of Carbon Steel Plate 1000 F. 


(1 per cent per 100,000 hr) in the steels 
made to fine-grain practice, but extrapo- 
lation of the available data indicated that 
it was less than 1000 psi. The fact that the 


aluminum-killed steels have lower 


creep 


strengths than the silicon-killed steels is 
in agreement with the findings of previ- 


ous investigators(5s, 6). 


Scaling: 


Several of the investigators reported 
that the carbon-steel creep and rupture 


TABLE 
1000 F. 


VII.—_CREEP STRENGTH OF 
STRESS-RELIEVED PLATE STEEL AT 


Type Practice 


| Average 
|\Stress, Creep 
Rate of 0.0001 
per cent per 
hr (1 per 
cent per 


Average Stress, Creep 


Rate of 0.00001 per 
cent per hr (1 per 
cent per 100,000 


10,000 hr), r), psi 
psi 
Coarse grain.... 4800 2800 
Fine grain...... 2000 less than 1000 
(extrapolation) 


| 
© ad 
@o 


n 
& 
< 
< 
> 
= 
n 
nm 
= 
O 
Z 
= 


A, BUOI}S JO 9q JOU P[NOd UIVIT 


sod 
‘TV Jed 9°0 
yueo sed 


| 


00LT-009T 


“ur 
X 


8-2 


IV 
Ig-0g gueo sed 
0g JO Jod q] 


008T-00LT 


Ife “ut 906°0 
xX do 


0993898 
~UBUIPT AA 
9-F 


TV 104 
Jad q] (Ig 
Jed 
Ig sod qi 


008T-O0LT 


“Ul 
X do SOI 


adid JO 2215 


*azig 


£00°0 


anyyn 
samy -soud | 


TON 


sod 


uoneu 
yay 


‘SLVAH AdId 
SSHINVAS JO AOLLOVUd NOLLVGIXOAG ‘IVNIA GNV ‘AZIS NIVUD ‘NOLLISOdWOO 


a 
«a 
<= 
4 
35 | ¢ % 
a5 
‘ 
i 
a 
Ka S 
$3 I | = | 
E 
| | 
is 
“We 
| 
| | 
| 


2 


MILLER ON CARBON STEELS FOR ELEVATED TEMPERATURES 


specimens, tested in air at 1000 F, showed 
considerable scaling. 


Pree STEEL 


The composition of the seamless 
carbon pipe steel heats (A 106, Grade 
B) is shown in Table VIII together with 
the grain-size characteristics and the 
final ladle deoxidation. Three heats of 
the pipe steel were tested, two made to 
fine-grain practice and one made to 
coarse-grain practice. Test samples were 
taken longitudinally from heavy-wall 
seamless pipe (pipe sizes were 108-in. 


SEAMLESS CARBON 


977, 


reflected in the actual microstructure 
(Fig. 9). There was, however, consider- 
able difference in the actual microstruc- 
ture and ferrite grain size of the pipe 
heats. The two heats made to fine-grain 
practice had a rather coarse ferrite grain 
size in a Widmanstitten pattern, while 
the heat made to coarse-grain practice 
had a rather fine ferrite grain size and no 
evidence of a Widmanstitten pattern. It 
thus appears, even more clearly than in 
the case of the plate steel, that the actual 
microstructure is determined by the hot- 
working practice employed for the pipe, 


TABLE IX.—AUSTENITE GRAIN-COARSENING CHARACTERISTICS 


OF PIPE STEEL HEATS. 


Heat Austenite Grain Size* After 60 min at Various Temperatures 
Type of Manufacturing Practice Designati = 
1600 F 1700 F 1800 F 1900 F 2000 F 
1 6 5-6 2-5 2-4 1-3 
2 6-7 5-6 3-4 3-4 2-3 
3 6 1-3 1-2 2-3 2-3 


* ASTM grain size number. 


outside diameter by 0.843-in. wall and 
8§-in. outside diameter by 0.906-in. wall. 
See Table VIII). 


_Austenite Grain-Coarsening Character- 


istics: 


oe The austenite grain-coarsening charac- 
_ teristics were determined by the Youngs- 


town Sheet and Tube Co. employing the 
gradient-quench method in the same 
manner as for the plate steel. The results 
of these tests on the pipe heats are shown 
in Table IX. It will be noted that the 
pipe heats behaved in the same manner 
as the plate heats; the heat made to 
coarse-grain practice coarsened between 
1600 and 1700 F, while the heats made 
to fine-grain practice coarsened at a 
higher temperature —between 1700 and 
1800 F. 

As in the plate heats, the difference in 
grain-coarsening characteristics was not 


rather than by the austenite grain-coars- 
ening temperature. The two heats made 
to fine-grain practice must have been 
finished quite hot (1700 to 1800 F or 
above), while the heat made to coarse- 
grain practice was finished at a lower 
temperature (reported to be 1400 to 


The tensile strength of the pipe heats 
is given in Table X and the results are 
plotted in Figs. 10, 11, and 12. As dis- 
cussed above, the original plans for this 
investigation called for testing the pipe 
steel in the as-rolled condition. When it 
was found, however, that the as-rolled 
pipe steels made by fine-grain practice 
exhibited strain aging at 400 to 600 F in 
the tension test, whereas the stress-re- 
lieved plate steels did not, supplementary 
tests were conducted to investigate the 
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TABLE X.—TENSION TEST RESULTS FOR SEAMLESS PIPE STEEL HEATS. 


Yield 
Type of Manufac- | Desig Condition Temper- | strength, | (2 Det 
nation deg Fahr psi offset), per cent | per cent 
‘ psi 
Fine Grain........ 1 As Rolled Room | 71 400 | 35 000 | . 35.0 57.9 
Fine Grain........ 1 As Rolled 200 | 68 750 | 35 380 | 24.5 56.0 
Fine Grain........ 1 As Rolled 400 | 81 750} 35950] 16.5 | 41.1 iy 
Fine Grain........ 1 As Rolled 600 | 78 250 | 30 000 | 30.5 50.0 
Fine Grain........ 1 As Rolled 800 59 150 | 28 250 35.5 60.1 
Fine Grain........ 1 As Rolled 1000 | 35 050 | 24 880/| 44.0 55.2 
Fine Grain........ 1 Stress Relieved* Room | 68 800 | 36 500 | 35.0 58.1 
Fine Grain........ 1 Stress Relieved* 200 | 63 800 | 34 000 | 31.0 55.8 
Fine Grain........ 1 Stress Relieved* 400 65 900 | 29 100 | 31.0 52.1 
Fine Grain........ 1 Stress Relieved* 600 | 64 600 | 27 600 | 37.0 60.6 
Fine Grain..... 2 As Rolled Room | 67 800 | 33 100 32.0 57.2 
Fine Grain........ 2 As Rolled 200 | 65 400 | 35 200 | 24.0 52.4 
Fine Grain........ 2 As Rolled 400 | 77 400 | 33 900 18.0 43.0 
Fine Grain........ 2 As Rolled 600 | 66 600 | 27 900 | 36.0 59.9 
Fine Grain........ 2 As Rolled 800 | 47 900 | 26 800 | 32.5 59.5 
Fine Grain........ 2 As Rolled 1000 27 700 | 18 200 40.0 59.4 
Fine Grain........ 2 Stress Relieved* Room | 59 700 | 28 900 36.0 59.6 
Fine Grain........ 2 Stress Relieved* 200 54 800 | 26 100 32.0 64.0 
Fine Grain........ 2 Stress Relieved* 400 61 000 | 23 000 32.0 58.8 
Fine Grain........ 2 Stress Relieved* 600 57 100 | 23 500 31.0 61.8 
Coarse Grain...... 3 As Rolled Room | 72 000 | 37 500| 38.5 | 59.5 
Coarse Grain...... 3 As Rolled 200 | 67 600 | 34 000) 31.5 60.3 
Coarse Grain...... 3 As Rolled 400 | 75 050 | 34 500 21.0 48.2  ~— 
Coarse Grain...... 3 As Rolled 600 | 73 800 | 31 000 | 36.0 59.3 
Coarse Grain...... 3 As Rolled 800 57 000 | 30 250 40.0 76.0 
Coarse Grain...... 3 As Rolled 1000 | 33 200 | 23 250 59.5 80.7 
Coarse Grain...... 3 Stress Relieved? | Room | 68 500 | 39 500| 36.0 | 60.6 
Coarse Grain...... 3 Stress Relieved* 200 | 64 900 | 35 000| 29.0 | 59.1 | 
Coarse Grain...... 3 Stress Relieved* 400 | 71 900 | 32 500 | 24.0 54.2 7 
Coarse Grain...... 3 Stress Relieved* 600 | 67 400 | 22 000 | 38.0 | 65.7 7 


* Stress relieved 2 hr at 1150 F. 
Tensile requirements for A 106 Grade B: tensile strength, 60 000 psi min; —_ strength (0.2 
per cent) 35 000 psi min, elongation in 2 in. 22 per cent min. - © id 
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Fic. 11.—Tensile and Yield Strength of Carbon Steel Pipe Heat No. 2. 


Temperature, ranr 


Fic. 10.—Tensile and Yield Strength of Carbon Steel Pipe Heat No. 1. 


effect of stress relieving on strain-aging 
sensitivity. These additional tension tests 
on the pipe steel were carried out by the 
National Tube Division, United States 
Steel Corp., at room temperature, 200, 
400, and 600 F. Data on the stress-re- 
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12, it will be seen that the pipe steel 
follows the same pattern of behavior as 
the plate steel, although the differences 
are not as pronounced, possibly because 
of the smaller amount of aluminum used 
in the final deoxidation of the pipe heats. 


90000 
Made to coorse-grain practice in 4 cal 
the as-rolled (o—o) and stress or 
relieved (@--e@) conditions 
80000} 
70000 
60000 
50000 
40000 
30000 
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Fic. 12.—Tensile and Yield Strength of Carbon Steel Pipe Heat No. 3. 


lieved pipe heats were then compared 
with the data from the original tests, 
conducted by The Babcock & Wilcox 
Co., by Timken Roller Bearing Co., and 
by The National Tube Division, on as- 
rolled material. 

From examination of Figs. 10, 11, and 


The amount of strain aging in the two 
pipe heats made to fine-grain practice is 
reduced by the stress-relieving treat- 
ment, but the only effect in the heat 
made to coarse-grain practice is a slight 
over-all reduction of the tensile strength. 
Only total nitrogen (Table VIII) was 
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_ determined for the pipe steel, since the 


reason for the reduction of strain aging 
by stress relieving was believed to be 
the same as for the plate steel. 

At 800 and at 1000F, the tensile 
strength of the coarse-grain practice heat 
(No. 3) is comparable to that of the fine- 
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increase of temperature. In all three 
heats, stress relieving appears to reduce 
the yield strength of the pipe steel at 400 
and 600 F. For the purpose of ready 
comparison, all of the yield-strength 
data for the pipe heats are plotted in 
Fig. 13. 


tensile strengths of these pipe heats and 
of the plate heats are comparable at 800 
and at 1000 F. The tensile strength of the 
fine-grain practice pipe heat No. 2 is 
considerably lower at these temperatures, 
which may possibly be attributed to its 
lower manganese content. 


Yield Strength: 


The yield strength of the pipe heats ap- 
pears to decrease rather uniformly with 


Confirming the trend noted in the plate 
steel, the ductility (elongation and re- 
duction of area) of the pipe steel de- 
creased slightly in the range of 200 to 
600 F, and the decrease is more pro- 
nounced the greater the tendency for 
strain aging. Also, the ductility of the 
heat made to coarse-grain practice 
(steel 3) is greater than that of the heats 
made to fine-grain practice (steels 1 and 


2) at 800 and 1000 F. a 7 


40000 
30000 
° 
—, 
a — 
@ Coarse-Grain Practice, Stress Relieved 
© Coarse-Grain Practice, As-Rolled rae 
10000 ® Fine-Grain Practice, Stress Relieved 
© Fine-Grain Practice, As-Rolled 
° 200 400 600 800 1000 
' Temperature, deg Fahr 
Fic. 13.—Yield Strength (0.2 per cent Offset) of Carbon Steel Pipe. ‘ 
grain practice heat No. 1. Moreover, the Ductility: e 


Oe 
: || 
dy 
t 
‘s 


PIPE STEEL HEATS (AS ROLLED). 


MILLER ON CARBON STEELS FOR ELEVATED TEMPERATURES 


TABLE XI.—RESULTS OF RUPTURE TESTS AT 1000 F ON SEAMLESS 


Elongation| Reduction! ini Ratio of 
Type of Manufacturing Stress, at of 
Practice pov psi »o * | Rupture, | Rupture, per cent ime of 
per cent | per cent per hr Rupture 
Fine Grain..... 1 15 000 | 357.5 | 46.2 48.6 | 0.02368 0.129 
I diclnssa-ncaine 1 13 500 | 440.2; 38.3 53.0 | 0.01478 0.087 
1 9 500 | 2189.5 | 43.3 61.6 | 0.00391 0.0197 
Sree ere 1 6 500 |11557 40.8 55.2 | 0.00017 0.0035 
2 29 000 0.1 51 67.9 510.0 
2 28 000 0.3 | 47 61.5 156.5 
re 2 25 000 1.2} 49 61.0 43.4 
ee 2 22 000 4.5) 53 57.2 11.8 
re 2 20 000 9.4 55 57.4 ies 5.9 
ON er 2 17 500 23.9} 40 50.0 | 0.580 1.68 
ee 2 15 000 | 107 40 51.6 | 0.042 0.374 
rrr 2 13 000 | 405 53 61.3 | 0.010 0.131 
ON 2 11 500 | 813 68 64.3 | 0.00169 0.0835 
2 10 000 | 1822 43 52.1 0.00286 0.0236 
0 See 2 8 900 | 2920 38 64.7 0.00365 0.0130 
a errr 2 8 500 | 3475 32 52.0 | 0.000897 0.0092 
ik s5an dc 2 7 000 | 8592 30 36.9 | 0.000439 0.0035 
Coarse Grain........... 3 15 000 | 225 40.8 65.6 | 0.02475 0.181 
Coarse Grain....... aman 3 13 500 | 725.2) 40.4 56.5 | 0.01012 0.056 
Coarse Grain........... 3 12 000 | 1279.6 | 37.4 58.8 | 0.00739 0.0293 
Coarse Grain......... aa 3 9 500 | 3970.0 | 39.5 59.3 | 0.00271 0.00995 
Coarse Grain........... 3 8 000 | 8852 51.3 65.0 | 0.00033 0.00579 
Coarse Grain........... 3a? 18 000 85 55.0 77.7 0.646 
Coarse Grain........... 3a? 15 000 | 251 54.0 75.6 . 0.215 
Coarse Grain........... 3a% 11 500 | 572 59.4 72.8 4 0.104 
Coarse Grain........... 3a? 9 000 | 3171 45.0 61.5 rer 0.00142 
* Supplementary data. 
Heat made to coarse-grain practice (e) 
Heats made to fine-grain practice (o) 


100000 
50000 


10000 


Stress, psi 


5000} 


Time for Rupture, hr 


_ Fic. 14.—Rupture Strength of Carbon Steel Pipe 1000 F. 
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a 984 MILLER ON CARBON STEELS FOR ELEVATED TEMPERATURES 
these materials. The creep data are listed 
in Table XI and plotted in Fig. 15. Dif- 
ferences between the behavior of heats 
made to coarse-grain and to fine-grain 
practice are not detectable. 


a Rupture Strength: 


The results of the rupture tests on the 

— as-rolled pipe steel are shown in Table 
XI and are plotted in Fig. 14. There is no 

_ measurable difference in the rupture 
COMPARISON OF CREEP AND RUPTURE 


STRENGTH OF PLATE STEEL AND 
SEAMLESS PIPE STEEL 


TABLE XII—RUPTURE STRENGTH 
: _ OF AS-ROLLED SEAMLESS PIPE STEEL 
AT 1000 F. 


Average Stress for The average creep and _ rupture 
Time for Rupture, hr 
Rupture, psi strengths of the plate steel and the pipe 
EERE 25 500 steel are compared in Tables XIII 
esnsievdawdeseasbieds 20 500 and XIV. 
7 300 Rupture: 
The stress for rupture of the plate and 
P . P 
@ Extrapolated. pipe steels are quite similar for the 10,000 
® 
Heat made to coarse-grain practice 
od Heats made to fine-grain practice (o) 
‘ 
50000 
Tests 
a creep Data from Rupture 
100005 
= ° 
gee 
100950000! 0.00001 0.000! 0.001 0.01 Ol 10 


Minimum Creep Rate, per cent per hr 
Fic. 15.—Creep Strength of Carbon Steel Pipe 1000 F. 


strength of the heats made to coarse- 
grain and fine-grain practice. The aver- 
age rupture strengths of these materials 
for different time periods is given in 
Table XII. 


Creep Sirength: 


Creep data for the three pipe heats 
are available only from the rupture tests; 
no low-stress creep tests were run on 


and 100,000-hr time periods (Table 
XIII). For shorter time periods, the 
pipe steel appears to be a little stronger, 
due to the fact that there is a definite 
break in the slope of the log-log plot of 
stress versus rupture time in the case of 
the pipe steel, while no break is apparent 
in the similar plot for the plate steel. The 
stress for rupture in 100,000 hr (4400 to 
4900 psi) is well above the ASME allow- 
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able working stress of 2500 psi for carbon 
steel at 1000 F. 


Creep: 


The creep results for the plate and pipe 
steels are compared in Table XIV. At 
the rapid creep rates observed in the 
rupture tests, there is no significant dif- 
ference between the plate and pipe steels 
nor between the heats made to coarse- 
grain and to fine-grain practice. 

In the case of the plate steel, standard 
low-stress creep tests were carried out. 
It will be seen from Table XIV that the 
stress for a creep rate of 0.00001 per cent 
per hr (1 per cent per 100,000 hr) for 

TABLE XIII.—COMPARISON OF RUP- 


TURE STRENGTH OF PLATE AND PIPE 
STEELS AT 1000 F. 


Stress for Rupture, Average 

Time for Rupture, hr 

Plate Pipe 

27 500 25 500 
19 500 20 500 
ae 14 000 16 500 
10 000 12 000 
a 7 000 7 300 
4 900 4 400 


Extrapolated. 


the plate steel heats made to coarse-grain 
practice is 2800 psi, which is above the 
ASME allowable working stress of 2500 
psi at 1000 F for carbon steels. However, 
the stress for a similar creep rate for the 
heats made to fine-grain practice (esti- 
mated to be less than 1000 psi) is defi- 
nitely lower than the 2500 psi allowable 
stress. The low creep strength of the 
steel made to fine-grain practice agrees 
with previous results indicating the in- 
ferior creep strength of aluminum-killed 
heats at elevated temperature (5, 6). 


CONCLUSIONS 


1. Confirming results obtained by 
previous investigators, it was found that 
strain aging as judged by elevated- 
temperature tension tests is associated 


with the presence of uncombined nitro- 
gen in the steel. 

2. In the as-rolled condition, the heats 
made to fine-grain practice were found 
to strain age as much as the heats made 
to coarse-grain practice. Strain aging 
was reduced or eliminated, however, in 
the heats made to fine-grain practice by 
stress relieving at 1150 F. The reheating 
or “stress relieving” causes an appreci- 


TABLE XIV.—COMPARISON OF CREEP 
STRENGTH OF PLATE AND PIPE STEELS 
AT 1000 F. 


From Rupture Tests 


Coesp Rete, per cont Average Creep Stress, psi 
per hr 


Plate Pipe 
15 000 16 000 
11 000 11 800 
8 000 8 600 


able portion of the nitrogen to combine 
with the aluminum as aluminum nitride. 

3. In general, for the same nominal 
composition, the tensile strengths of the 
plate and pipe steels are comparable at 
800 and at 1000 F, whether made to fine- 
grain or coarse-grain practice and 
whether as-rolled or stress-relieved. 

4. At 1000 F, the tensile ductility of 
the plate and pipe heats made to coarse- 
grain practice is appreciably higher than 
that of the heats made to fine-grain prac- 
tice, whether they are in the as-rolled or 
stress-relieved condition. 

5. Rupture tests at 1000 F, conducted 
for as long as 10,000 hr, indicate no sig- 
nificant difference in rupture strength 
between steels made to coarse-grain and 
to fine-grain practice when these steels 
are tested in the as-rolled or stress-re- 
lieved condition. Extrapolation of the 
data indicate a stress for rupture in 
100,000 hr of 4400 to 4900 psi. 

6. Creep tests indicate that at 1000 F, 
the plate steel heats, deoxidized with 
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(3) 


- approximately 2.5 lb of aluminum per 


ton, have less than half the creep strength 
of the heats made to coarse-grain prac- 
tice. For a creep rate of 0.00001 per cent 
per hr (1 per cent per 100,000 hr), the 
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average creep strength at 1000 F of the 
heats of plate steel made to fine-grain 
practice was estimated to be less than 


1000 psi, as compared to 2800 psi for the 
heats made to coarse-grain practice. 
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Mr. A. B. Wiper! (presented in 
wrillen form).—The steels described by 
Mr. Miller were included in a graphitiza- 
tion study conducted by the National 
Tube Division of United States Steel 
Corp., and although graphitization char- 
acteristics are not discussed in the paper, 
our results may be of interest. 

The influence of aluminum used in the 
deoxidation of steel in accelerating 
graphitization is well recognized. Experi- 
ence in tubular products with Grade B 
carbon steel deoxidized without the use 
of aluminum has been limited. Recogni- 
tion of this type of material on a com- 
mercial basis would require further 
evaluation as carbon steels used for the 
production of seamless pipe are usually 
treated in the ladle with aluminum. 

The influence of small amounts of 
residual chromium or special alloy addi- 
tions, such as nitrogen, on graphitization 
characteristics of steel melted to coarse- 
grained deoxidation practice has not 
been thoroughly investigated; however, 
the presence of these elements seems to 
reduce graphitization. It also is possible 
that special deoxidation practices may 
be helpful. Investigations of this nature 
should be conducted with material pro- 
duced by the basic open-hearth process. 

The steels described in Tables I and 
VIII were exposed at 900 and 1050 F for 
10,000 hr without stress to evaluate their 
stability characteristics with particular 
reference to graphitization. Creep-rup- 
ture and other properties after exposure 
will be evaluated later. 


1 Chief Metallurgist, National Tube Division, 
U.S. Steel Corp., Pittsburgh, Pa. 
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: 


Before exposing the bars, which were 
1 in. square and 20 in. long, a large weld 
bead 6 in. long was deposited longi- 
tudinally on one side of the bar, and on 
the opposite side a small weld bead 6 in. 
long was deposited. The large weld bead 
represented normal welding conditions 
with respect to temperature gradients 
and the small weld bead represented 
severe welding conditions. An E6010 
electrode was used without preheat or 
postheat. The welded samples were ex- 
amined metallographically before and 
after exposure to observe the weld metal, 
the weld heat-affected zone, and the 
parent metal not affected by welding. 
The procedure employed has been de- 
scribed.? 

Graphitization results are presented in 
the accompanying Table XV and were 
originally rated according to the pro- 
cedure described by D. B. Collyer and 
J. O. Light.* 

These data may be summarized as 
follows: 

1. Graphite was not observed in the 
900-F weld metal samples but was ob- 
served in four of the 1050-F weld metal 
samples. 

2. When graphite was observed in the 
weld heat-affected zone, it was also ob- 
served in the parent metal not affected 
by welding. 

3. Graphite was not observed in the 
coarse-grained steels after 10,000 hr ex- 

2 A. B. Wilder and J. D. Tyson, “‘Graphitiza- 
tion of Steel at Elevated Temperatures,” Trans- 
actions, Am. Soc. Metals, Vol. 40, p. 233 (1948). 

3D. B. Collyer and J. O. Light, ‘““Graphitiza- 


tion Rating Chart,’”’ Metal Progress, Vol. 55, 
May, 1949, p. 664-B. i 
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TABLE XV.—OCCURRENCE OF GRAPHITE IN BEAD-WELDED STEELS AFTER 
10,000-HR EXPOSURE AT TEMPERATURE. 


Graphite Occurrence 


Steel 


Identification | Material Deoxidation Practice es 1050 F 


Weld Metal | Parent Metal 


Pipe Fine grain Graphite None Graphite 
Pipe Fine grain Graphite Graphite Graphite 
Pipe Coarse grain None Graphite Graphite 
Plate Coarse grain None None Graphite 
Plate Fine grain Graphite Graphite Graphite 
Plate Coarse grain None None Graphite 
Plate Fine grain Graphite Graphite | Graphite 


* Includes weld heat-affected zone. 


| | 
0 FGI 3000 psi 


O FGI 2000 psi 
@ FG! 1500 psi 
4 CG2 4000 ps: 


O00 psi 


per cent per hr 


Creep Rate 


1000 2000 3000 4000 5000 6000 
Testing Time, hr 


Fic. 16.—Time - Observed Creep Rates for Carbon Steel FG1 and CG2 at 1000 F, 
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posure at 900 F, and these steels, there- 
fore, were less susceptible to graphitiza- 
tion at this temperature as compared 
with the fine-grained steels. 

4. Graphite was observed in the fine- 
grained steels at 900 and 1050 F and the 
coarse-grained steels at 1050 F. 

5. The graphitization characteristics 
of the pipe and plate material were 
similar. 

Messrs. C. DALe Dickinson,’ R. 
JACKOWSKI,® AND J. W. FREEMAN® (pre- 
sented in written form).—Mr. Miller and 
the ASTM-ASME Joint Committee on 
the Effect of Temperature on the Proper- 
ties of Metals and the Steam Power 
Panel of the Joint Committee are to be 
highly complimented for this very useful 
paper. The presentation of the proper- 
ties of carbon steel in the form in which 
it is most widely used will be most help- 
ful in evaluating this material with its 
rather wide variations in high-tempera- 
ture properties from normal metallur- 
gical variables. 

Four long-time creep tests at 1000 F 
are in progress on a fine-grained (FG1) 
and a coarse-grained (CG2) carbon steel 
in the high-temperature metallurgical 
laboratories of the Engineering Research 
Institute of the University of Michigan. 
These tests were undertaken to extend 
the creep data presented in Mr. Miller’s 
paper. The results of these creep tests 
are presented in the accompanying Fig. 
16 in the form of creep rate - time curves. 
It will be noted from these curves that 
the creep rate - time relationships are by 
no means simple. All three of the FG1 
samples underwent an increase in creep 
rate during the first 1000 to 1500 hr of 


*Research Metallurgist, Research Labora- 
tories, Allis-Chalmers Manufacturing Co., Mil- 
waukee, Wis. 

5 Research Assistant and Research Engineer, 
respectively, Engineering Research Institute, 
University of Michigan, Ann Arbor, Mich. 
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testing followed by about 2500 hr of 
decreasing creep rate. The creep rate of 
the 2000-psi test began to increase again 
after 4500 hr. The test on CG2 material 
had a normal creep curve out to about 
2000 hr; however, between 2000 and 2500 
hr the creep rate increased rapidly, al- 
though it will be noted that there is some 
indication of the creep rate slowing down 
again at about 4000 hr. The reason for 
these unusual creep rate - time relations — 
has not been established by the work in 
progress. 

It will be noted from the accompany- 
ing Fig. 17 that the minimum creep rates 
for the FG1 material fit reasonably well 
on the log stress - log creep rate curve 
for that material for the tests reported 
by Mr. Miller. Also the minimum creep 
rate reported for the material CG2 
checks very closely with the material 
reported in Mr. Miller’s paper. 

The rupture strengths for both the 
coarse- and fine-grained materials were 
very nearly the same. The probability is 
that the coarse-grained material had 
more elongation at fracture than the 
fine-grained material. The situation, 
therefore, is that both materials have 
about the same rupture strength, but 
with the fine-grained material having a 
much lower creep strength, indicated by 
Fig. 17, and less total elongation to frac- 
ture. This indicates that in all probability 
the coarse-grained material should enter 
third-stage creep before the fine-grained 
material in order to rationalize the di- 
verse creep and ductility characteristics 
for equal rupture strengths. The time - 
creep rate curves shown in Fig. 16 appear 
to bear this out. However, it is doubtful 
that the answer is as simple as this, 
inasmuch as the creep rates under the 
2000- and 4000-psi stresses for the FG1 
and CG2 materials, respectively, could 
not continue to increase as indicated by 
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Fig. 16 and still have the extremely long 
rupture life predicted by the extrapola- 
tion of the stress - rupture - time curves. 
It therefore appears quite certain that 
continued testing should again show a 
decrease in creep rate for both materials. 
It is our feeling that structural changes 
may still be occurring in these materials 
under the test conditions covered by the 
curves of Fig. 16. Therefore, the creep 
tests will have to be continued for a 


FOR ELEVATED TEMPERATURES 

all of the steels tested, in spite of differ- 

ences in source, melting practice, form, 
and treatment; the second is the diver- 
gence in creep data presented, particu- 
larly between those obtained from high 
stress-rupture tests and low stress - 
creep tests and especially for steels made 
by fine-grain practice. To illustrate this, 
creep data from the rupture tests on fine- 
grain practice plate steel heats from 
Table IV and on fine-grain practice pipe 


20 000 
15000 Oe 
¢° © 
9000 
8 000 
7 000 
6000 ©-Creep Data from Stress-rupture Tests __| 
3 on Fine-grain Practice Piate Steel 
i 5 000 (from Author's Table IZ) 
4000 @-Creep Data from Stress-rupture Tests_| 
on Fine-grain Practice Pipe Steel 
® 3000 Tl (from Author's Table XI) = 
i 4- Creep Data for Fine-grain Practice 
Plate Steel (from Author's Table WZ) 
2000 a 4- Creep Data for Fine-grain Practice 
Plate Steel from 2nd Stress of 
Bethlehem Step-up Creep Tests 
1000 
0.0000! 0.0001 0.001 0.01 


Creep Rate, per cent per hr 
Fic. 18.—Creep Strength of Fine-Grain Practice Plate and Pipe Steels from 1000 F Creep and 


Stress - Rupture Tests. 


longer period of time to establish a true 
secondary creep rate if one exists. 

Mr. D. L. Newnouse® (by leiter).— 
Mr. Miller’s paper made a distinct con- 
tribution to a better understanding of 
the properties of carbon steel for ele- 
vated-temperature service, as currently 
made and used. 

Examination of the data presented in 
the paper reveals two rather striking 
features. The first is the close agreement 
of long-time rupture strength data for 


® Metallurgical Engineer, General Electric 
Co., Schenectady, N. Y 


steel heats from Table XI have been 
plotted in the accompanying Fig. 18, fo 
comparison with the low stress-creep test 
data on fine-grain plate steels from 
Table VI. As can be seen, the lowest 
stressed rupture tests from three heats 
produced creep rates comparable to those 
obtained by the creep tests at more than 
double the stress level of the latter. 
Similar instances of insensitivity of 
creep rate to increases in stress in the 
fine-grain steels were observed in the 
Bethlehem Steel Co. creep test data on 
this project, available to the committee 


| 


TABLE XVI.—CREEP RATE DATA 
_ FROM STEP-UP CREEP TESTS PER- 
FORMED BY BETHLEHEM STEEL CO.* 


2nd = 
Desig- |Load-| Load |Stress, 
nation ing plied, hr psi per hr E 
3500; 0.000321) 1500 
2nd | 2300 | 4500) 0.000193'5000 
Ist 3500) 0.000300! 1500 
2nd | 2500 | 4500] 0.000133'5000 
Ist 2500} 0.000237/1500 
2nd | 2400 | 5000) 0.000375|3000 
Ist 2500| 0.000230' 1500 
2nd | 1700 | 5000) 0.000310|3000 
ist 2500| 0.000283/1500 
2nd | 1700 | 5000} 0.000300,3000 
Ist 3500| 0.000065|1500 
2nd | 2700 | 4500) 0.000550\6000 
Ist 3500, 0.000061/1500 
2nd | 2700 4500 0.000517 5500 


* Metallurgical Report on Cooperative In- 
- vestigation on the High-Temperature Strength 
of Carbon Steel—ASTM Specification A 201 
Grade B Plate, Report T-33, Bethlehem Steel 
Co., June 26, 1953, furnished to the Joint 
Committee by J. S. Worth. 
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through the courtesy of Mr. J. S. Worth. 
The accompanying Table XVI lists the 
results of long-time step-up creep tests, 
in which creep rates were determined 
after about 1500 hr for the lower of the 
two stresses, the stress then being raised 
to the higher value listed and a second 
rate determined after minimum or steady 
state creep had been reached. 

As can be seen in Table XVI, increas- 
ing the stress from 3500 to 4500 psi for 
fine-grain steels resulted in a. lower creep 
rate, and doubling the 2500-psi stress 
produced only slight increases in rate. 
These data for the second loading have 
also been plotted in Fig. 18. From these 
observations, it appears that the high 
creep strengths indicated by the rupture 
test data are consistent with the data 
from the lower stressed creep tests and 
that creep rate is little affected by stress 
between 0.0001 and 0.0005 per cent per 
hr. 

The data in Table XVI for coarse-grain 
steels do not show this effect, showing in 
two cases an eightfold to ninefold increase 
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Fic. 19.—Creep Curves from Long Time Stress - Rupture Tests on Plate Steel I. 
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in rate on increasing the stress from 3500 
to 4500 psi. 

Some part of the divergence of ob- 
served creep behavior between creep 
and rupture tests may be due to varia- 
tions in the shape of the creep curve 
which render creep rate analyses diffi- 
cult. In the course of analysis of test 
data obtained on plate steel I by the com- 


occurred at about 0.5 per cent plastic 
strain, and rates computed at that same 
strain level for the 10,000-, 9000-, and 
8000-psi tests produced rates very close 
to those reported in Table IV. 
Metallographic examination of a 
broken rupture bar after 5637 hr of 
testing revealed extensive graphitization 
(the accompanying Fig. 20) and spheroid- 


Fic. 20 


Fic. 21. 


Fic. 20.—Microstructure of Threaded Section of Rupture Test Specimen (Plate Steel I) Which 
Broke After 5637 hr at 8000 psi at 1000 F, as Polished (X 100). 

Fic. 21.—Microstructure of Threaded Section of Rupture Test Specimen (Plate Steel I) After 
5637 hr at 8000 psi at 1000 F, Nital Etch (X 100). 


pany with which the writer is associated, 
only the higher stressed short-time tests 
were found to have inflections in their 
creep curves and these were passed in 
the first few hours of test. The creep 
curves for the longer time rupture tests 
(the accompanying Fig. 19) showed that 
creep rate increased from the time of 
load application, except for one period 
of relatively constant creep rate on the 
9000-psi test, making impossible a com- 
parison of minimum creep rates. The 
inflection points at 20,000 and 15,000 psi 


ization (the accompanying Fig. 21) as 
compared to the initial structure reported 
for I heat by the author. 

In conclusion, it appears from the 
above that although coarse-grain steels 
can carry higher loads for creep rates 
below about 0.0001 per cent per hr, for 
higher rates, the fine-grain steels appear 
to be capable of carrying overloads, 
limited only by the rupture strength, 
without corresponding increases in creep 
rate. 

Mr. R. F. MILLER (author’s closure). 
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_-— The author wishes to thank Mr. 
- Wilder, Messrs. Dickinson, Jackowski, 
| and Freeman, and Mr. Newhouse for the 
additional information which they have 
_ provided on the properties of carbon 
steel at elevated temperature. These 
discussions have shed considerable light 
on the complex creep behavior of these 
_ steels. The structural instability of car- 
: bon steels at 1000 F, particularly of the 
_ steels made to fine-grain practice, may 
be causing the fluctuation of the creep 
rate. The final results of the tests at the 
University of Michigan should clarify 
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this matter further, and are awaited with 
much interest. 

The similarity of long-time rupture 
strength of the steels made to fine-grain 
and coarse-grain practice, and the 
marked disparity in their creep strength, 
may be explained by the observation that 
the creep rate of the steels made to fine- 
grain practice decreases after several 
thousand hours. Since the ASME tables 
of allowable working stresses do not dis- 
tinguish between the two types of steel, 
it is reassuring to be informed that the 
creep behavior of the aluminum-deoxi- 
dized steel may improve with time. 
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— In 1931 Fujio Nakanishi made his well-known report of a yield point in 
bending raised by 50 per cent above that in tension, using rectangular beams of 
mild steel. The presence of a size effect seems to offer the only satisfactory ex- 
planation for this and subsequent widely divergent results that have been re- 
< ported over the past twenty-odd years. The investigation described herein has 
for its objects the development of an adequate theoretical basis for such a size 
effect and the testing of its validity by experiment. Due to a similarity between 
the discontinuous yielding of mild steel and brittle fracture, Weibull’s Statis- 
tical Theory of the Strength of Materials has been adapted to fit the new prob- 
lem. Because of its statistical nature, large numbers of tests are required to 
check the theory. The present report covers the first series of tests, which were 
made in tension. The experimental results obtained demonstrate a definite de- 
pendence of the upper yield point of mild steel on specimen size. Thus the con- 
clusion is reached that in the tension test of mild steel the specimen size is one 


of the important variables. 


The influence of specimen size is a 
factor that must be considered in an 
ever widening segment of the field of 
mechanical testing. The assumption that 
the results of tests on small laboratory 
specimens can be used at will in the de- 
sign of large structural or machine parts 
is becoming an increasingly risky one. 
It has been known for some time that 
brittle fracture is markedly influenced 
by specimen size. In recent years the 
case of fatigue has been added to the 
list. R. E. Peterson (1)? points out that 
“large members are weaker in fatigue 
than tests on small specimens would 
indicate.” 

* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

! Assistant Professor of Civil Engineering, 
Stanford University, Stanford, Calif. 

2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 1000. 
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The tension test of ductile metals has 
always been thought of asasafeexample _ 
of almost complete absence of size effect. _ 
In a closely related test, however—that _ 
of pure bending—startling discrepancies — 
have appeared in the case of mild steel. 
It is a commonly made assumption that 
a beam of mild steel in pure bending ~ 
will begin to yield when the maximum — 
stress reaches that at which a tension | 
specimen begins to yield. But in 1931, 
Nakanishi (2) tested beams that were © 
elastic up to 50 per cent above this 
point, and since that time many in- 
vestigators have conducted similar ex- 
periments with as many different results, 
ranging all the way down to 0 per cent. 
These widely varying results have peen 
used to support almost any theory pro- 
posed regarding a possible effect of the 
stress distribution on yielding. The one 
fact that seems to have been overlooked 
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by all concerned is the very discrepancy 
between the results of similar bending 
tests. And the one variable that seems 
capable of accounting for it is the speci- 
men size, which varied between investi- 
gators by a factor of 15 to 1 in the dimen- 
sions of the largest and smallest beams 
used. It now appears evident that this 
is the factor of primary interest, whereas 
the presence of the nonuniform stress 
distribution is of only secondary im- 
portance. 

A similar situation has been under in- 
vestigation for many years in the case 
of brittle fracture. Both in bending and 
in tension a distinct size effect has been 
observed and the theoretical aspects 
have been thoroughly studied by Griffith 
(3), Weibull (4), and others. The be- 
ginning of yielding in mild steel involves 
many of the same physical factors that 
play important parts in brittle fracture. 
This suggests that similar theories may 
apply in both cases and that size effect 
may be of considerable importance in 
the beginning of yielding. 

A study of the behavior of mild steel 
at the yield point lends credence to this 
idea, so much so that a program of ex- 
perimental investigation has been under- 
taken. The first series of tests consists of 
tension tests of mild steel specimens of 
various sizes. The results of these tests 
demonstrate a definite dependence of 
the upper yield point on specimen size. 
Thus the tension test of mild steel takes 
its place among those tests in which 
specimen size is an important variable. 
A second series of tests has been started, 
involving pure bending of mild steel. 
Here, too, the evidence points to in- 
fluence of size effect, but many more 
tests will be required to establish it. 


THE YIELD POINT 


The discontinuous yielding of mild 
steel is a phenomenon that has been the 
subject of study for many years, and it 
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is still under investigation as engineers 
attempt to improve their knowledge 
of this widely used material. The cause 
of the sudden apparent breakdown of the 
material at the upper yield point, ac- 
companied by a sharp drop in its load- 
carrying capacity, is still not completely 
understood. The first explanation satis- 
factory to engineers was proposed about 
1924. This explanation was that the 
minute hard particles of cementite which 
are found assembled along the boundaries 
of the ferrite grains form a strong skele- 
ton that enables the metal to withstand 
stresses as high as the upper yield point 
stress, elastically. At this stress, the 
explanation continues, the strong skele- 
ton breaks down and the stress drops 
to the lower yield point, which is de- 
termined by the ferrite itself. The con- 
cept of the brittle skeleton of cementite 
has been under attack in recent years. 
Although it is still widely accepted in 
the field of applied mechanics, it is only 
with important modifications. 

These modifications are in the form of 
a generalization from the cementite 
skeleton to a not completely understood 
restricting effect of the grain boundaries 
themselves. It is known that slip is im- 
peded to a varying extent at the grain 
boundaries of all metals. It has been as- 
sumed that this is caused by the distor- 
tion of the crystal lattices in the transi- 
tion region between two crystals. The 
precipitation of impurities or hard par- 
ticles along the crystal boundaries has 
also been suggested as an important fac- 
tor. The sharp yielding of mild steel is 
thought to represent an extreme case in 
which the resistance of the grain bound- 
aries to slip is very high compared to 
that of the crystals themselves. It is true 
that the body-centered cubic structure 
of ferrite is easily deformable, com- 
pared to other metallic structures, be- 
cause of its many slip systems. The re- 
sistance of the grain boundaries has been 
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attributed by various investigators to 
an exceptional hardness of the grain 
boundaries. For example, A. Eichinger 
in 1944 suggested that during the forma- 
tion of the so-called mosaic structure of 
the ferrite grains certain heterogeneous 
atoms are precipitated among the ferrite 
atoms on the surfaces of the mosaic 
blocks with a hardening effect (5). Thus 
the modified theories simply replace the 
hard cellular structure of cementite with 
one of some other form, the basic idea 
remaining the same. 


New Theories: 


A number of new theories have been 
proposed by metallurgists and physicists. 
These theories are based on research in 
the atomic structure of mild steel and 
are thus fundamentally different from 
the brittle skeleton theory. The mecha- 
nism by which slip is at first impeded 
and then suddenly permitted is thought 
of in terms of dislocations or migrating 
interstitial atoms and thus is apparently 
independent of the grain boundaries. As 
has been suggested by K. W. Andrews, 
however, the principal sources of these 
irregularities are, after all, in the grain 
boundaries themselves (6). Consequently, 
the difference between the new theories 
and the brittle skeleton theory is one 
of degree only. As a result, the gener- 
alized brittle skeleton concept can be 
made to satisfy any of the theories so 
far proposed; at the same time it con- 
forms closely with observations of the 
mechanical behavior of mild steel. 


Generalized Brittle Skeleton Concept: 


On the basis of the brittle skeleton 
concept, mild steel is thought of as being 
made up of two components—a strong, 
brittle component and a soft, easily de- 
formable component. Under an increas- 
ing load the soft component is supported 
in some way by the brittle component, 
which makes the whole behave elastically 
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up to a certain point. At this point the — 
brittle component fails and the soft 
component takes over, the bet 
thereafter behaving in a ductile manner. — 
The beginning of yielding corresponds 
to the failure of the brittle component, 
and its similarity to ordinary brittle 
fracture is at once clear. It therefore ap- _ 
pears reasonable that the same factors 
should govern both. 
In the theory developed by Griffith 
and Weibull for brittle fracture, “a 
cause of failure is envisioned as a flaw 
of some kind in the material. Specifically, 
the flaws are referred to as mbesscenche” 
which weaken the material in proportion 
to their size, although other flaws are 
included as possibilities. In the case of 
mild steel there is also good reason to 
believe that there are flaws distributed 
at random and that these can be held 
responsible for the failure of the brittle 
component. Among such possible flaws 
are inclusions of foreign matter; small 
internal cracks or holes formed during 
some stage of processing or during the 
growth of the crystals; weak plates of 
cementite in pearlitic steels; and regions 
of weakness due to unfavorable orienta- 
tion of crystals. Most of these flaws are 
of a nature similar to microscopic cracks, 
and their effect should be to weaken the 
material in proportion to their size. 


STATISTICAL THEORY 


On the basis of the foregoing analysis, 
a theory governing the beginning of 
yielding in mild steel can now be de- 
veloped in the same manner as that 
governing brittle fracture. If the flaws 
responsible for the initiation of yielding 
are distributed at random throughout the 
material, there will be a corresponding 
random distribution of strengths of ele- 
ments of the material. This is the start- 
ing point used by Weibull in developing 
his Statistical Theory of the Strength 
of Materials (4). Applied to the beginning 
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of yielding, this theory leads to the con- 
clusion that the stress at which yielding 
first takes place decreases with increas- 
ing specimen size according to the law: 


Here s, is the upper yield point stress 
for any given specimen, sy: is that for 
a specimen of unit volume, V is the 
volume of the given specimen, and m 
is a material constant (7, p. 48). 


EXPERIMENTAL INVESTIGATION 


In order to test the validity of the 
statistical law, a large number of tension 
tests have been carried out on mild steel 
specimens. The experiments made con- 
sisted of three series of conventional 
tension tests, in which the only sig- 
nificant difference between specimens 
was size. In series 1, the specimens were 
}-in. nominal diameter. In series 4 the 
nominal diameter was } in.—four times 
that of series 1; and in series 10 it was 
13 in.—ten times that of series 1. The 
specimens were all made in accordance 
with ASTM specifications for standard 
tension test specimens,’ and geometric 
similarity of their center portions was 
preserved throughout. Hence, the vol- 
umes were in the ratios of 1:64:1000, for 
series 1, 4, and 10, respectively. 

An incidental result of the statistical 
theory is that the dispersion to be ex- 
pected among test results increases with 
decreasing specimen size. This is ex- 
pressed by the following equation: 


oe aq 
§ (2) 


in which o is the standard deviation, V 
is the volume of the specimen, a; is a 
material constant, and m has the same 


Tentative Methods of Tension Testing of 
Metallic Materials (E 8 - 52 T), 1952 Book of 
ASTM Standards, Part 1, p. 1389. 
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value as in Eq 1. Therefore, if comparable 
accuracy were to be obtained from the 
three series, it was considered desirable 
to include larger numbers of tests in the 
smaller sizes. 

In tests for the upper yield point, a 
number of factors that can ordinarily 
be neglected in other types of tests as- 
sume great importance. Factors such as 
axiality of loading, shape of fillets, and 
rate of strain must be carefully controlled 
in order to study the effect of any single 
variable. In these experiments it was 
necessary that size be the only im- 
portant variable. To accomplish this, 
great care and special precautions were 
required (7, pp. 50-64). The material 
itself was given particularly careful 
treatment. All specimens were annealed 
after machining and polishing in order 
to remove all effects that might tend to 
disturb the yield point and to make all 
specimens uniform in quality. The an- 
nealing was done in a furnace having a 
controlled atmosphere (containing 35 
per cent H, and 20 per cent CO) so that 
the surfaces of the specimens would be 
unaffected. Examination of the micro- 
structure after annealing showed that 
grain sizes were substantially the same 
in various sizes of specimens and that no 
significant carburization had taken place 
in the surface of the steel. It should also 
be noted that all specimens were ma- 
chined from the same bar of C1020 steel. 


Results: 


The tests themselves were of the 
simplest kind. Using a high-capacity 
hydraulic testing machine, the specimens 
were loaded at a uniform rate until the 
load-indicating hand suddenly dropped 
back. The upper yield point load thus 
obtained was recorded, and the test was 
over. Table I gives the average data from 
each series of tests, including the number 


and dimensions of specimens and the 


upper yield point stresses. 
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TABLE I.—SUMMARY OF RESULTS OF TENSION TESTS. 


Diameter 
“ Number of Length of 
nelu ve ction, in. 
Nominal, in. Actual, in. 
Series 18 0.1255 4 1 60 300 
13 0.503 2 64 55 600 
10 1 1.260 5 1000 53 550 


@ One volume unit = volume in series 1. 
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In Fig. 1 the average values of sy are 
plotted against the volumes of the speci- 
mens. In addition, all of the values ob- 
served for the individual specimens are 

‘ plotted in order to show their distribu- 
tion. Using the three points representing 
the average observed values, a com- 
parison may now be made between ex- 
perimental results and the statistical 
theory. Equation 1, representing the 
theory, requires only two points to de- 
termine its two constants. Consequently, 
the validity of the theory will be indi- 
cated by the degree of accuracy with 


Volume, Units 
Fic. 1.—Variation of Upper Yield Point Stress with Volume. 


which it can be made to fit all three 


points. Using the method of least 

squares, Eq 1 becomes (7, pp. 69-72): 
60.14 

Su = yuss.o (3) 


and the resulting curve is shown in Fig. 1. 
A comparison between the values ob- 
tained from this theoretical curve and 
the observed values shows percentage 
differences of 0.33, 0.72, and 0.28 for 
series 1, 4, and 10, respectively. These 
differences are well within experimental 
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CONCLUSIONS 
experimental investigation pro- 
vides positive quantitative evidence of 
a size effect on the upper yield point of 
mild steel in tension. This size effect is 
graphically illustrated in Fig. 1. A theo- 
retical variation developed on the basis 
of statistical theory shows a very good 
correlation with the observed data. This 
gives support to a statistical theory for 
the initiation of discontinuous yielding. 
In order to establish the statistical 
theory, much further research will be 
required. Tests of mild steel in pure 
bending are under way, and the first re- 
sults appear to support the theory (7, 
Chapter III.) Other types of loading 
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DISCUSSION 


Mr. Witt J. Wortey' (by leller).— 
The author has presented analysis of 
test data with three different volume 
ratios. Equation 1 of the paper may be 
plotted as a straight line on log-log paper 
and will have a slope of —1. If the data 
presented for the three volume ratios 1, 
64, and 1000 are also plotted on the 
same log-log paper, the same height of 


1 Assistant Professor of Theoretical and Ap- 
plied Mechanics, College of Engineering, Uni- 
versity of Illinois, Urbana, III. 


vertical scatter band at any given volume 
ratio will represent the same per cent 
deviation from the mean position repre- 
sented by Eq 1. Thus, the dispersion 
theory can be checked by noting the 
elevation or height of the scatter band 
when the data are plotted on log-log 
paper. 

A variable which the author has not 
discussed is the ratio of the size of the 
rolled bar from which the specimens 
were cut to the size of the specimen. Since 


‘ 
a 
Sc 
d 
e 
fe 
| 
t 
P 
t 
t 
a 
I 
l 
1 
4 
‘ 
igh 


all of the specimens were cut from the 
same bar of C1020 steel, the ratio of the 
diameter of the test section to the diam- 
eter of the rolled bar is much smaller 
for the small diameter specimens. While 
this effect is more pronounced for rimmed 
steel where the chemical composition of 
the steel near the surface is different from 
that near the center of the bar, it may 
also be important for killed steel. The 
author’s comments on these points would 
be of value. 

Mr. Frank A. McCurntock® (by 
letter).—A further check on the applica- 
bility of Weibull’s theory may be made 
by noting that the material constants 
Sui in Eq 1 and a, in Eq 2 of the paper are 
related to each other through the con- 
stant m. For the general case in which 
the lowest stress at which any specimen 
will first yield is so, and writing J, of 
Weibull’s theory in terms of the gamma 
function, J, = T (1 + 1/m), one finds 


Su = (s/V¥™)P(1 + 1/m) + so....(1) 
o = (s/V/™)T(1 + 1/m) 


+ 1/m) 
Hence, 


o = (sy — So) _ 
+ 1/m) 


It is also of interest to see what size 
effect would be expected from the asymp- 
totic extreme-value distribution with 
the cumulative distribution* 


P = 1 — exp {—exp [a(s — s:) + In V}}.. (4) 


This arises if there is no lower limit be- 


2 Assistant Professor of Mechanical Engi- 
neering, Massachusetts Institute of Technology, 
Cambridge, Mass. 

3 See for example, the paper by E. J. Gumbel, 
“Statistical Theory of Extreme Values and Some 
Practical Applications,” U. 8. Dept. of Com- 
merce Nat. Bureau of Standards, Applied Math- 
ematics Series No. 33 (1954). 
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low which the specimen will not yield. | 
The mean life is given by 


(y + In V) 


a 


Su = Si 


where y = 0.57722 and the standard : 


deviation by 


(6) 


c= 


Confidence limits of 95 per cent for 


the mean and standard deviation of the 
upper yield point are given in the ac- 
companying Table II. Although the 


confidence limits are those for a normally 


distributed variable, which is not the 
case here, the limits should still give an 
approximate idea of the uncertainty in 
our knowledge of these quantities. Table | 
II also includes theoretical values. ~<a 
first case is that given by the author, af 


second has parameters chosen to give _ 
an exact fit to the data on size effect, — 


and the third is the best fit for the ex- 
treme-value distribution of Eqs 4 to 6. 
In all cases the mean values are within — 
the experimentally determined confi- 

dence intervals and the standard devia- 

tions agree except for the first two cases 

in regard to the smallest specimens. 

Even in these cases the disagreement is 

not serious. 

Such a good fit would not be obtained 
for both the mean values and the stand- 
ard deviations if the surface area, rather 
than the volume, were taken as the im- 
portant index of size. In that case, if 
the data on mean life were fitted, m and 
a would become # of their former values, 
and the theories would then predict 
standard deviations 15 times their former 
values. Put the other way around, it 
would mean that some of the size effect 
was due to factors other than the statis- 
tics of the problem. In any event, it does 
not appear possible to decide between 
the logarithmic and power laws for size 
effect on the basis of these data. 
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& TABLE II.—CONFIDENCE LIMITS OF 95 PER CENT FOR THE MEAN AND 
: STANDARD DEVIATION OF THE UPPER YIELD POINT. 


Series 1 Series 4 Series 10 
Data: 
PE rr 60 300 + 400 | 55 600 + 700 53 550 = 600 (95 per cent) 
600-1300 800-2000 600-1600 (95 per cent) 
Theory: 8) = 0; su: = 60 140 
psi; m = 58.0 te 
60 140 56 000 53 400 
1 320 1 230 1 180 
Theory: 89 = 47 000 psi; m = +e 
10.0 
60 300 55 600 53 550 
1 600 1 040 790 
First extreme-value distribu- » 
tion: a = 0.001023 
in? per Ib we 
1 250 1 250 1250 


In these tests was the strain rate, as 
opposed to the loading rate, held con- 
stant for all sizes? If not, what effect 
might variations in strain rate have had 
on the upper yield points for the ranges 
of strain rate encountered? 

Mr. C. W. Ricuarps (author’s clos- 
ure).—With reference to Mr. Worley’s 
question concerning the effect of the 
ratio of original bar size to specimen size, 
it was assumed at the time the tests were 
made that this would not be an im- 
portant factor. The steel used was not 
rimmed steel and an examination of the 
microstructure showed substantial uni- 


formity across the diameter of the origi- 
nal bar, which was 13 in. Further tests 
are now under way, including a more de- 
tailed investigation of this effect. It is 
expected that these tests will provide 
sufficient evidence to answer such ques- 
tions as those raised by Mr. McClintock 
in his interesting discussion. His last 
question may be answered by pointing 
out that each of the tension tests was 
carried out entirely in the elastic range, 
being terminated at the upper yield 
point. Consequently, a constant strain 
rate was maintained simply by maintain- 
ing a constant loading rate. 
» 
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EFFECT OF MICROSTRUCTURE ON THE ELEVATED-TEMPERATURE 
STRENGTH OF ALLOY STEEL* 


By J. J. Hecer,! J. M. Hopce,' anp P. W. Marsa! 


The tensile properties at room temperature and at 1000, 1100, and 1200 
F, the ductility-transition temperature, and the creep-rupture strengths 
at 1000, 1100, and 1200 F ina 2 per cent chromium, $ per cent molybdenum 
steel were evaluated as a function of microstructure. The microstructures 
studied were as follows: 


1. Coarse pearlite and ferrite. = fla 
2. Fine pearlite and ferrite. 
3. Upper bainite. 


4. Lower bainite. 

5. Martensite. 

The elevated-temperature strengths of the various microstructures dif- 
fered significantly for short testing times, but these differences decreased 
markedly as the time and temperature of testing increased. 


In the past few years, there has been cerned with the effect of microstructure 
an increasing demand for alloy steels with on the elevated-temperature (1000 to 
good mechanical properties at elevated 1200F) properties of alloy steel. The 
temperatures, and the minimum service second phase will be concerned with the 
temperature at which good mechanical specific effects of carbide-forming alloy- 
properties are desired continues to be ing elements on the elevated-tempera- 
raised as the operating temperatures ofel- ture properties of alloy steel heat-treated 
evated-temperature equipmentareraised. to a specific microstructure. The present _ 
Therefore, the U. S. Steel Corp. is con- report describes the results of the first — 
ducting a long-range research program to phase of the program. 
provide fundamental information for the At the time the present investigation _ 
development of an alloy steel that con- was begun, German investigators (1, 2)? | 
tains a minimum amount of alloy and had made some studies relating to the ~ 
that after heat treatment exhibits eleva- effect of microstructure on elevated- 
ted-temperature properties superior to temperature properties. Although most 
those of present alloy steels. of the German work was limited to short-_ 

The first phase of this program is con- time tests at 932 F (500 C), some short- 


* Presented at the Fifty-seventh Annual Meet- 2The boldface numbers in parentheses re- | 
ing of the Society, June 13-18, 1954. fer to the list of references appended to this 
1 United States Steel Corp., Pittsburgh, Pa. paper, see p. 1027. 
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time tests were conducted at tempera- 
tures from 750F (400C) to 1112F 
(600 C). The results of the latter tests 
indicate that at the lower temperatures 
a steel with a bainite microstructure is 
stronger than one with either a pearlite 
or a martensite microstructure and that, 
in general, the strengths associated with 
all three microstructures are more nearly 
the same as the test temperature is in- 
creased to 1112 F. 


MATERIALS AND EXPERIMENTAL WoRK 


Two 100-lb induction-furnace ingots, 
the compositions of which are shown in 
Table I, were cast and were forged to 


molybdenum was selected; in addition, 
the steel was deoxidized with silicon only. 

To produce a uniform initial micro- 
structure in the steel before heat treat- 
ment, all the bars were normalized after 
being austenitized for 1 hr at 1700 F. The 
1700 F temperature was selected as both 
the normalizing temperature and the 
austenitizing temperature for subsequent 
heat treatments because hardness meas- 
urements and microscopic examination of 
specimens water-quenched from several 
temperatures in the range 1700 to 2100 F 
indicated that essentially complete solu- 
tion of the carbides in this steel occurs in 
1 hr at 1700 F. 

The hardenability of the steel was de- 


TABLE I.—COMPOSITION OF STEELS, PER CENT. 
Check Analyses. 


Ingot Carbon 
0. 25 | 0.56 | 0.01 


| Alumi- 
Sulfur | Silicon (Acid- Nitrogen 

| | Soluble) 
at .025 1.99 | 0.4 0.004 | 0.007 
0.025 2.08 | 0.50 | 0.006 | 0.007 


$-in. square bars. Since the principal dif- 
ferences in the compositions of the bars 
of the two ingots are small—0.02 per 
cent carbon, 0.09 per cent chromium, and 
0.01 per cent molybdenum—the bars 
from both ingots were considered to be 
samples of the same steel. 

The alloy content of the steel was 
chosen on the basis (1) of providing suf- 
ficient hardenability so that the steel 
might be heat-treated to several micro- 
structures—coarse and fine pearlite plus 
ferrite, upper and lower bainite, and 
martensite; and (2) of providing suffi- 
cient oxidation resistance so that creep- 
rupture tests at temperatures as high 
as 1200 F might not be complicated by 
oxidation of the test specimens. There- 
fore, an alloy content of about 0.50 per 
cent manganese, about 2.00 per cent 
chromium, and about 0.50 per cent 


termined with insert-type end-quench 
hardenability specimens.* One specimen 
was obtained from a bar of each ingot. 
The hardenability specimens were end- 
quenched after being austenitized for 1 
hr at 1700 F, and then hardness measure- 
ments were made on the specimens in the 
usual way. 

To determine the heat treatments re- 
quired to produce the desired pearlitic 
and bainitic microstructures in the 2 per 
cent chromium, } per cent molybdenum 
steel, the isothermal transformation 
characteristics of the steel were deter- 
mined. Thin sections were cut from the 
bars, austenitized for 1 hr at 1700 F, 
transferred to lead or salt baths, and then 
held for various times at each of several 
temperatures in the range 650 to 1250 F. 


3 Tentative Method of End-Quench Test for 
Hardenability of Steel (A 255 - 48 T), Appendix, 
1952 Book of ASTM Standards, Part 1, p. 566 
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The specimens were water-quenched and The heat treatments to obtain the 
then examined microscopically. From the pearlitic and_bainitic “he thermal 
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data obtained, an isothermal transforma- were then selected from the isothermal 
tion diagram was constructed. transformation data. A microstructure of 


TABLE II.—HEAT TREATMENTS USED TO PRODUCE DESIRED MICROSTRUCTURES | 
IN A 2 PER CENT CHROMIUM, !4 PER CENT MOLYBDENUM STEEL. 7 


Austenitizing Conditions | Isothermal Transformation | Tempering Conditions* 4 
tare, Quenchant Quenchant ture, be Quenchant 
eg 
Fahr Fahr Fahr 
Coarse anal ALOR eat 1700 1 1350 5 | Water | 1100 2 Water 
Fine pearlite........... 1700 1 1200 72 | Water | 1100 2 Water 
Upper bainite.......... 1700 1 850 | 200 | Water | 1100 2 Water 
Lower bainite.......... 1700 1 Be 650 16 | Water | 1100 2 Water 
1700 1 Water | 1200 1 Water 


* In addition to the tempering conditions listed, because of the testing procedures employed, all 
the creep-rupture specimens were tempered for 14 to 15 hr at the testing temperature prior to ap- 
plication of the load, and all the elevated-temperature tensile specimens were tempered for about 
16 hr at the testing temperature prior to application of the load. 

Note.—In all instances 5g-in. square bars were heat treated. 


50 
| 
- 7 
| 4c 
= 
g 30 
8 Ingot No. D; (95 per cent Martensite), in. 
20 8657 3.65 
3.60 


10 15 20 25 30 
Distance from Quenched End, sixteenths of anin. a on 


Fic. 1.—End-Quench Hardenability Curves for Two Ingots of a 2 per cent Chromium, } per 
cent Molybdenum Steel. 


The Ae; and Ae; critical temperatures martensite was obtained by water- 
were estimated to be 1425 and 1495 F, quenching the bars. It was recognized 
respectively. In addition, the martensite that in creep-rupture tests at 1200 F the 
temperature (Ms) was calculated from effect of tempering at a lower tempera- 
the equation of Stewart and Grange (3). ture i is negligible. To standardize o on a 


7 

a) 

= 


“+ 


Temperature, deg Fohr 


the carbides would not be excessively 
spheroidized, test bars transformed to 
each of the desired microstructures were 
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single tempering temperature at which 


record of the heat treatments used in the 
present work. 

The following test specimens were 
machined from the bars heat treated to 


NI 
1200 
~~ 
1000 
{ HC 
800 
| 1 
F#C 
“a 
600 
| 
C 0.27 per cent 
Mn 0.56 per cent 
0O.Oll per cent 
400 S 0.025 per cent 
Si 0.16 per cent 
Cr 1.99 percent 
Mo 0.49 per cent 
200 Al 0.004 per cent 
Austenitized at I700F 
ASTM Grain Size 6-7 
* Caiculated 
0 Be 
2 5 10 102 io 104% 105 
Time, sec 


Fic. 2.—Isothermal Transformation Diagram for a 2 per cent Chromium, 4 per cent Molyb- 


denum Steel. 


tempered at 1100 F. In addition, test 
bars transformed to martensite were 
tempered at 1200F to determine the 
effect of the higher tempering tempera- 
ture on the mechanical properties of this 
microstructure. Table II gives a complete 


each of the different microstructures: 
0.252-in. diameter tension specimens, 
keyhole-notched Charpy impact speci- 
mens, 0.254-in. diameter elevated-tem- 
perature tension specimens, and 0.252-in. 


diameter creep-rupture 


specimens. 
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~ 


Fic. 3.—Coarse Pear Fic. 4.—Fine Pearlite (Spheroidized) Formed in 
Chromium, $ per cent Molybdenum Steel During a 2 cent Chromium, $ per cent Molybdenum 


5 hr at 1350 F, Super Picral Etch (X 1000). Stee 
(X 1000) 


Fic. 5.—Upper Bainite Formed in a 2 per cent Fic. 6.—Lower Bainite Formed in a 2 per cent 
Chromium, } per cent Molybdenum Steel During Chromium, 3 per cent Molybdenum Steel During 
50 sec at 850 F, Super Picral Etch (X 1000). 
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Tension tests were made at room tem- 
perature, 1000, 1100, and 1200 F; creep- 
rupture tests were made at 1000, 1100, 
and 1200 F; and impact tests were made 
at several temperatures from +200 to 
— 280 F so that ductility transition tem- 
peratures might be determined. 


RESULTS AND DISCUSSION 


Hardenability and Transformation Char- 
acteristics: 


—— The results of the end-quench harden- 


ability tests, Fig. 1, show that the hard- 


ent to form, whereas at temperatures be- 
tween 1100 F and 635 F (Ms), bainite is 
the first product to form. Transformation 
to bainite begins in the shortest time 
(about 3 sec) just above the Ms tempera- 
ture and is 99 per cent complete in the 
shortest time (3 min) at the same tem- 
perature. 

The isothermal transformation dia- 
gram in Fig. 2 is similar to one reported 
by Manning and Lorig (4) for a 0.30 per 
cent carbon, 2.04 per cent chromium, 
0.33 per cent molybdenum steel. As 
might be expected, the diagram for the 


TABLE III.—TENSILE AND IMPACT PROPERTIES OF A 2 PER CENT CHROMIUM, 
'§ PER CENT MOLYBDENUM STEEL HEAT TREATED TO SEVERAL MICROSTRUC- 


LURES. 
Yield | Tensile  |Elongation| Reduction|Ductility-Transi- 
Microstructure Strength. | Strength, in 1lin., | of Area, | tion Tempera- 
psi psi percent | percent | ture, deg Fahr 
46 900 | 68 700 34.0 68.7 +28 +17 
57 500 92 500 27.0 71.6 —30 +25 
re 136 300 160 700 15.5 67.0 +50 +30 
EEE ES 115 900 | 135 600 17.0 68.5 —185 +25 
130 700 148 800 18.0 65.2 —225 +25 
96 200 110 200 22.5 74.8 —200 +15 


“Tempered at 1100F. 
»* Tempered at 1200 F. 


enability of the steel from the two ingots 
is the same. The small difference in the 


For the present steel, the Ae; tempera- 
ture is 1425 F, the Ae; temperature is 
1495 F, and the calculated M, tempera- 
ture is 635 F. These data are shown on 
the isothermal transformation diagram, 
Fig. 2. 

In the temperature range of pearlite 
formation, isothermal transformation be- 
gins in the shortest time (13 min) at 1300 


_ F and is complete in the shortest time (2 


_ hr) at the same temperature. At tempera- 
tures between 1495 (Ae:) and 1100 F, 


 proeutectoid ferrite is the first constitu- 


_ Nores.—Duplicate 0.252-in. diameter tensile specimens were tested. 
Keyhole-notched Charpy impact specimens were tested, and the ductility-transition tempera- 
ture was determined at the middle of the scatter band at an energy of 10 to 15 ft-lb. 


latter steel (0.33 per cent molybdenum) 
indicates a more rapid transformation in 
the pearlite range than does the diagram 
for the present steel (0.50 per cent mo- 
lybdenum). An isothermal transforma- 
tion diagram for a chromium-molyb- 
denum steel (0.31 per cent carbon, 2.08 
per cent chromium, 0.48 per cent mo- 
lybdenum) was also reported by Delbart 
and Potaszkin (5); in general, the shape 
of their diagram is similar to that of the 
present one, but the temperature of most 
rapid transformation to pearlite is some- 
what higher and the temperature of most 
rapid transformation to bainite is some- 
what lower than that shown in Fig. 2. 
In the present steel the pearlite formed 
at 1350 F was considered to be repre- 
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me hardness level of the two curves is prob- 
oo ably due to the difference in carbon con- 


sentative of coarse pearlite, and that 
formed at 1200 F was considered to be 
representative of fine pearlite. These 
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72 hr. The bainitic microstructures are 
illustrated in Figs. 5 and 6, which show 
partial transformation at 850 and at 
650 F. 


Coarse (1350 F) Pearlite 
Tempered at A 
20 Hardness 79.8 Rp oy 
Ductility Transition 
Temperature + 28217F 
10 
J ) 
2 0 
< 
+ 
40 
2a 
Fine (120OF) Pearlite 
Tempered at 
Hardness-91.2R, 
Ouctility — Transition 
ad Temperature —30 25F 
10 
8 
-100 -50 50 100 


Test Temperature, deg Fahr 

Fic. 7.—Keyhole-Notch Charpy Ductility-Transition Temperature Curves for a 2 per cent 
Chromium, 4 per cent Molybdenum Steel Heat-Treated to Coarse and to Fine Pearlite. = 
(a) Coarse (1350 F) pearlite tempered at 1100 F. Hardness—79.8 Rg ; ductility-transition tem- 


perature—+28 +17 F. 


(b) Fine (1200 F) pearlite tempered at 1100 F. Hardness—91.2 Rp ; ductility-transition tem- 


perature— —30 +25 F. 


and 4. The bainite formed at 850 F was 
considered to be representative of upper 
bainite, and that formed at 650 F was 
considered to be representative of lower 
bainite. The time required for complete 
transformation at 850F is quite long; 
it was necessary to hold the test speci- 
mens for 200 hr at this temperature, 
despite the fact that about 99 per cent of 
the austenite had transformed in about 


Room-Temperature Tensile and Low- 
Temperature Impact Proterties: 


The results of the room-temperature _ 
tension tests are summarized in Table — 
III. Of all the microstructures, the coarse _ 
pearlite* has the lowest tensile and yield 

* When reference is made to the mechanical 
properties of a microstructural constituent, the 


properties of the steel heat-treated to the partic- 
ular microstructure are implied. 
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Guctility-transition 


temperature— —200 +15 F. 


sition temperature— —185 +25 F. 


strengths and the fine pearlite has the 
next lowest; the elongation of both the 
coarse and the fine pearlite is higher than 
that of the other microstructures. 

Of the acicular transformation prod- 
ucts (bainite or martensite) tempered at 
1100 F, the upper bainite has the highest 
tensile and yield strengths. This indicates 
that the upper bainite, which was weaker 


TABLE IV.—TENSILE PROPERTIES AT 1000, 1100, AND 1200 F OF A 2 PER CENT 
CHROMIUM, 14 PER CENT MOLYBDENUM STEEL HEAT TREATED TO SEVERAL 7 


ON MICROSTRUCTURE OF ALLOY STEEL a 1011 


The ductility values for all of the 
acicular structures tempered at 1100 F 
are about the same. 

As might be expected, the strength of 
the martensite tempered at 1200F is 
lower and the ductility is higher than the 
corresponding properties of the other 
acicular transformation products tem- 
pered at 1100 F. 


MICROSTRUCTURES. 
T ield Strength, Tensil Elongation 
Coarse pearlite*.......... .| 1000 25 200 56 400 39.0 80.5 
1100 20 800 42 000 56.5 90.0 
1200 17 400 31 500 65.5 91.0 
Fine pearlite*.......... aaa 1000 39 400 54 400 45.0 86.5 
1100 33 800 42 000 50.0 89.0 
f 1200 25 800 34 700 52.0 91.0 
Upper bainite*............ 1000 oe 96 000 20.0 71.5 
1100 59 700 80 000 33.0 82.0 
1200 30 300 47 200 42.5 90.0 
Lower bainite*............ 1000 79 400 96 500 24.0 73.0 , 
1100 64 500 73 000 30.0 82.0 
1200 29 600 48 700 45.0 85.5 
1000 90 000 101 000 20.0 73.0 
1100 57 500 76 700 33.0 83.5 
1200 26 500 44 900 41.0 90.5 
Martensite®.............. 1000 74 500 90 200 24.0 76.0 
1100 48 800 67 200 30.0 84.5 
1200 22 400 49 200 52.5 91.5 7 


a Tempered at 1100 F. ' 
> Tempered at 1200 F. 


Notes.—Duplicate, special 5-in. long, 0.254-in. diameter tensile specimens were tested. 
In equalizing the elevated-temperature tensile specimens at the testing temperature, all the 
specimens were tempered for about }4 hr at the testing temperature. 


than the martensite or the lower bainite 
before being tempered, resisted softening 
at 1100 F better than did the martensite 
or the lower bainite. The strengths of the 
lower bainite tempered at 1100 F, on the 
other hand, are lower than those of either 
the martensite or the upper bainite tem- 
pered at 1100 F. This presumably reflects 
the lower, as-transformed hardness of the 
lower bainite together with a tempering 
rate similar to that of martensite. 


The ductility-transition temperatures 
are also shown in Table III, and the 
complete energy-temperature curves 
from which the transition temperatures 
were determined are shown in Figs. 7 
to 9. 

Of the microstructures tempered at — 
1100 F, the martensite has the lowest 
ductility-transition temperature, and the 
lower bainite has the next lowest. The 
long-time treatment at 850 F is probably 
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q 
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a factor in the relatively higher transition 
temperature of the upper bainite, 50 F 
(Table II). The transition temperatures 
of the pearlites are much higher than 
those of the martensite and the lower 
bainite; and the transition temperature 
of the fine pearlite, —30 F, is appreciably 
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Elevated-Temperature Tension Tests: 


The results of the elevated-tempera- 
ture tension tests at 1000, 1100, and 1200 
F are given in Table IV. In general, the 
yield and tensile strengths of the acicular 
transformation products are higher than 
those of either the coarse or the fine pearl- 


CHROMIUM, PER CENT MOLYBDENUM STEEL HEAT-TREATED 
7 TO SEVERAL MICROSTRUCTURES. 
Stress for Rupture, psi 
Microstructure Creep Rate of 0.001" 
100 hr 1000 hr 10,000 hr PEF cent per hr, psi 
_ Coarse pearlite*....... 1000 35 800 26 500 19 000 19 000 
1100 19 300 12 900 8 400 8 500 
1200 11 800 7 200 4 400 3 800 
Fine pearlite*......... 1000 31 000 26 500 22 500 23 000 
1100 21 000 13 900 8 800 9 200 
1200 11 800 6 200 3 000 4 600 
_ Upper bainite*....... 1000 63 000 38 500 24 300 22 000 
1100 27 000 16 500 10 000 11 500 
1200 12 300 7 100 4 100 600 
Lower bainite*....... 1000 55 000 35 500 24 200 21 000 
. 1100 26 800 16 500 10 000 10 500 
1200 12 100 6 700 3 700 3 400 
Martensite*.......... 1000 52 500 36 000 24 000 29 000 
1100 25 300 15 500 9 400 9 600 
1200 10 700 6 000 3 400 3 600 
Martensite®.......... 1000 45 000 33 000 24 000 24 500 
1100 24 200 14 500 9 000 8 300 
1200 11 000 6 000 3 600 3 000 
@ Tempered at 1100 F. 
>’ Tempered at 1200 F. 
Nortes.—Standard 0.252-in. diameter creep-rupture specimens were tested. The 10,000-hr creep 


rupture strengths and the minimum creep-rate stresses are extrapolated values. 
In equalizing the creep-rupture specimens at the testing temperature, all the specimens were 
tempered for 14 to 15 hr at the testing temperature. 


lower than that of the coarse pearlite, 
+28 F. Although the tensile strength of 
the martensite tempered at 1200F is 
about 38,000 psi lower than that of the 
martensite tempered at 11 F, the transi- 
tion temperature of the martensite tem- 
pered at 1200F is higher than the 
transition temperature of the martensite 
tempered at 1100 F, rather than lower. 


ite. When the test temperature is in- 
creased, the difference between the 
strength of the acicular products and that 
of the pearlite decreases. For example, at 
1000 F the tensile strength of the coarse 
pearlite is about 56 per cent that of the 
martensite tempered at 1100 F, but at 
1200 F the tensile strength of the coarse 
pearlite is about 72 per cent that of the 
martensite tempered at 1200 F. 
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The tensile ductility of all the micro- strengths at 1000 F show marked dif- 
structures increases with the decrease in ferences among the microstructures, 
strength that accompanies increasing test there being 32,000 psi difference between 


temperature. the 100-hr strength of the weakest micro- 
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Fic. 10.—Creep-Rupture Data for a 2 per cent Chromium, 4 per cent Molybdenum Stee 
Heat-Treated to Coarse Pearlite and Tempered at 1100 F. ; 
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Fic. 11.—Creep Data for a 2 per cent Chromium, } per cent Molybdenum Steel Heat-Treated — 

to Coarse Pearlite and Tempered at 1100 F. 

Creep-Ruplure Tests: structure, fine pearlite, and that of the 
The creep-rupture data are summa- Strongest, upper bainite. In decreasing 

rized in Table V and are plotted in Figs. order of 100-hr rupture strengths at 1000 

10 to 21. The 100-hr creep-rupture fF, the microstructures are upper bainite, — 
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Treated to Fine Pearlite and Tempered at 1100 F. 


Time to Rupture, hr 
Fic. 12.—Creep-Rupture Data for a 2 per cent Chromium, } per cent Molybdenum Steel Heat- 


. F lower bainite, martensite tempered at that of the acicular transformation prod- 
; _ 1100 F, martensite tempered at 1200 F, ucts about the same, 24,200 to 26,800 psi. 
coarse pearlite, and fine pearlite. At 1100 At 1200 F only 1600 psi separates the 
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_ Fine Pearlite and Tempered at 1100 F. 


F the differences between the 100-hr 
creep-rupture strengths of the different 
microstructures are smaller than at 1000 
F, the strength of the pearlites being 
about the same, about 20,000 psi, and 
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Fic. 13.—Creep Data for a 2 per cent Chromium, } per cent Molybdenum Steel Heat Treated to 
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100-hr strength of the strongest and the 
weakest microstructure. 

The data in Table V show that at 1000 
F the 1000-hr creep-rupture strengths of 
the acicular transformation products 
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tempered at 1100 F is 9000 to 12,000 psi 
higher than that of the pearlites; the 
creep-rupture strength of the martensite 


over the pearlites, and at 1200F the 
greatest difference in the creep-rupture 
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Fic. 14.—Creep-Rupture Data for a 2 per cent Chromium, } per cent Molybdenum Steel Heat- 


Treated to Upper Bainite and Tempered at 1100 F. 
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Fic. 15. —Creep-Rupture Data for a 2 per cent ‘seamed 3 per cent Molybdenum Steel Heat- 
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Treated to Upper Bainite and Tempered at 1100 F 


tempered at 1200 F is only about 6000 
psi higher than that of the pearlite. At 
1100 F the acicular transformation prod- 


ucts have only about a a 3000-psi advan- 


strengths of any two of the microstruc- 


tures is 1200 psi. 


At 1000 F the acicular transformation 
products have 10,000-hr 
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creep-rupture strengths than the pearl- 
ites, but at 1100 and 1200 F, this small 
difference decreases. 


microstructures (Table V). The stresses 
for the fine pearlite, the upper and the 
lower bainite, and the martensite tem- 
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Treated to Lower Bainite and Tempered at 1100 F 
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Fic. 16.—Creep-Rupture Data for a 2 per cent ‘wane § per cent Molybdenum Steel Heat 
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to Lower Bainite and Tempered at 1100 F. 


The stress for a minimum creep rate of 
0.001 per cent per hour at 1000 F for the 
martensite tempered at 1100F is sig- 
nificantly higher than those for the other 
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Fic. 17.—Creep Data for a 2 per cent Chromium, } per cent Molybdenum Steel Heat Treated 


pered at 1200 F are about 25 per cent 
lower than that of the martensite tem- 
pered at 1100 F. At 1100 F the upper and 
the lower bainite show the highest stress 
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for the aforementioned minimum creep 22, 23, and 24, and the general trends 
he rate, and the martensite tempered at that have been discussed are evident 
1200 F shows the lowest. At 1200 F the from this plot. For short-time exposure 
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Treated to Martensite and Tempered at 1100 F. : 
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to Martensite and Tempered at 1100 F. 
t fine pearlite shows the highest stress for at 1000 F, and to some extent at 1100 F, © 


the given creep rate. the strength of the acicular transforma- 
A summary of the elevated-tempera- tion products is higher than that of the 
ture creep-rupture data is given in Figs. pearlites. Of the pearlitic microstruc- 
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tures, the fine pearlite has a slightly time exposure at 1100 and 1200F, the 
higher strength than the coarse pearlite. upper bainite is still the strongest struc. 
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Fic. 20.—Creep-Rupture Data for a 2 per cent Chromium, } per cent Molybdenum Steel Heat 
Treated to Martensite and Tempered at 1200 F. 
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Fic. 21.—Creep Data for a 2 per cent Chromium, } per cent Molybdenum Steel Heat Treated 
to Martensite and Tempered at 1200 F. 


Of the acicular transformation products, ture, but the difference between the 
the upper bainite has the highest strength of the strongest and of the weak- 
strenghts. For long-time exposure at est structure is small. 

1000, 1100, and 1200 F and for short Some indication of the effect of in- 
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creasing exposure time and increasing 
temperature in minimizing the differ- 
ences between the strengths of the differ- 
ent microstructures may be gained from 
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Fic. 22.—100-hr Creep-Rupture Strength of 
a 2 per cent Chromium, }$ per cent Molybde- 
num Steel Heat-Treated to the Indicated Mi- 
crostructures. 


the photomicrographs of Figs. 25 to 30. 
Illustrated in these figures are the micro- 
structural changes that occur as the test 
temperature is increased. With the ex- 
ception of the coarse pearlite which 
changes the least, all the microstruc- 
tures tend to become similar with 


increasing exposure time and tempera- 
ture in the range 1000 to 1200 F. It is 
interesting to note from Figs. 22, 23, 
and 24 that the decrease in strength 
with increasing temperature of the coarse 
pearlite is less than that of the other 
microstructures. 

The results of the present investiga- 
tion for short-time exposure at the lowest 
temperature are in general agreement 
with the data reported by other investi- 
gators (1, 2, 6, 7). As was mentioned pre- 
viously, most of the work reported by 
foreign investigators is for relatively 
short-time testing’ at temperatures of 
about 932 (500 C). The results of these 
other investigations show a marked effect 
of microstructure on the short-time creep 
strength at temperatures of 750F to 
about 950 or 1000 F, bainitic microstruc- 
tures having the highest strength. When 
the test temperature approached 1100 F, 
however, the effect of microstructure 
on the creep strength became negligible. 
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SUMMARY 


The results of the present investiga- 
tion on a 2 per cent chromium, 3 per 
cent molybdenum steel may be sum- 
marized as follows: 

For short-time exposure (100 hr) at a 
temperature of 1000 F, there is a signifi- 
cant effect of microstructure on the 
creep-rupture strength of steel. Upper 
bainite has the highest creep-rupture 
strength, and coarse pearlite has the 
lowest creep-rupture strength. The 100- 
hr rupture strengths of the different 
microstructures at 1000 F fall in about 
the same relative order as the room- and 

5 The creep, limits reported in the German 
literature are [obtained by the DVM method 
and are defined as the stress under which the 
rate of creep attains a value of 10 X 10 per 
cent per hour between the 25th and the 35th 
hour; those reported in the French literature are 
obtained by the Veritas method and are defined 
as the stress under which the rate of creep attains 


a value of 5 X 10~‘ per cent per hour between 
the 25th and the 35th hour. 
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elevated-temperature tensile strengths. 
The 1000-hr rupture strengths at 1000 F 
show much smaller differences between 


the microstructures than do the 100-hr 
_Tupture strengths, and the 10,000-hr 
~ strengths show only slight differences. 


When the test temperature is increased 


to 1100 and 1200 F, the 100-hr rupture 
q strengths still indicate a significant ef- 
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Fic. 23.—1000-hr Creep-Rupture Strength of 
a 2 per cent Chromium, } per cent Molybde- 
num Steel Heat Treated to the Indicated Mi- 
crostructures. 


1200 


fect of microstructure, the 1000-hr 
strengths indicate a small effect, and 
the 10,000-hr strengths indicate an even 
smaller effect. 

In general, when there is a difference 
in the creep-rupture strengths of the 
microstructures at 1000, 1100, and 
1200 F, the upper bainite has the highest 
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These results appear to indicate that 
as the test temperature increases or as 
the time at a particular test temperature 
increases, the different initial microstruc- 
tures become more nearly the same and, 
therefore, that the strengths of the 
microstructures for a given exposure 
time also approach a constant value. 
Thus, for applications in which the ex- 
posure time is short, such as in rocket 
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Fic. 24.—10,000-hr Creep-Rupture Strength 
of a 2 per cent Chromium, } per cent Molybde- 
num Steel Heat-Treated to the Indicated Mi- 
crostructures. 


projectiles and certain jet-engine parts, 
the initial microstructure is an important 
factor in obtaining maximum strength at 
temperatures up to about 1100 F. On 
the other hand, for long-time elevated- 
temperature service, such as in steam 
turbines, there is little advantage in 
elevated-temperature strength to be 
gained by selecting one microstructure 
over another. It is believed that these 
statements are applicable to most heat- 
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-_ (6) Microstructure after rupturing in 1505 hr 
(a) Original microstructure. at 1000 F. Stress—25,000 psi. 
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(c) Microstructure after rupturing in 1414 hr (d) Microstructure after ruptu 
at 1100 F. Stress—12,000 psi. at 1200 F. Stress—7000 psi. 


Fic. 25.—Microstructural Changes That Occurred During the Creep-Rupture Testing of a . 


per cent Chromium, } per cent Molybdenum Steel Heat-Treated to Coarse Pearlite and Tempered 
at 1100 F, Picral Etch (X 1000). 
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(b) Microstructure after rupturing in 1093 
hr at 1000 F. Stress—27,000 psi. 


(c) Microstructure after rupturing in 1169 hr (d) Microstructure after rupturing in 707 hr 
at 1100 F. Stress—13,500 psi. at 1200 F. Stress—7000 psi. 


Fic. 26.—Microstructural Changes That Occurred During the Creep-Rupture Testing of a 2 
per cent Chromium, } per cent Molybdenum Steel Heat-Treated to Fine Pearlite and Tempered at 
1100 F, Picral Etch (X 1000). 
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am (b) Microstructure after rupturing in 733 hr 
(a) Original microstructure. at 1000 F. Stress—40,000 psi. 


(c) Microstructure after rupturing in 765 hr 
at 1100 F. Stress—17,700 psi. 


(d) Microstructure after rupturing in 1628 hr 
at 1200 F. Stress—6600 psi. 


Fic. 27.—Microstructural Changes That Occurred During the Creep-Rupture Testing of a 2 per 
cent Chromium, } per cent Molybdenum Steel Heat-Treated to Upper Bainite and Tempered at 
1100 F, Picral Etch (X 1000). 
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(b) Microstructure after rupturing in 1615 hr 
Original microstructure. at 1000 F. Stress—33,000 psi. 


(c) Microstructure after rupturing in 1181 hr (d) Microstructure after rupturing in 1403 hr 
at 1100 F. Stress—16,000 psi. at 1200 F. Stress—6350 psi. 


Fic. 28.—Microstruc‘ural Changes That Occurred During the Creep-Rupture Testing of a 2 
per cent Chromium, 4 per cent Molybdenum Steel Heat-Treated to Lower Bainite and Tempered 
at 1100 F, Picral Etch (X 1000). 
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apy (b) Microstructure after rupturing in 1102 hr 
(a) Original microstructure. om at 1000 F. Stress—35,000 psi. 
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(d) Microstructure after rupturing in 1015 hr 
at 1100 F. Stress—16,000 psi. at 1200 F. Stress F. 


Fic. 29.—Microstructural Changes That Occurred During the Creep-Rupture Testing of a 2 
per cent Chromium, 4 per cent Molybdenum Steel Heat-Treated to Martensite and Tempered at 
1100 F, Picral Etch (X 1000). 
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(6) Microstructure after rupturing in 1277 hr 
at 1000 F. Stress—32,000 psi. 


2 
— (c) Microstructure after rupturing in 1140 hr (d) Microstructure after rupturing in 1414 hr 


_ at 1100 F. Stress—14,500 psi. at 1200 F. Stress—5600 psi. 


cent Chromium, 4 per cent Molybdenum Steel Heat-Treated to Martensite and Tempered at 1200 F, 


Fic. 30.—Microstructural Changes That Occurred During the Creep-Rupture Testing of a 2 per 
Picral Etch (X 1000). 
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treatable steels that are not strengthened 
by precipitation hardening. 

In general, the room-temperature 
tensile properties and the elevated-tem- 
perature tensile properties of the steel 
investgated are functions of the initial 
microstructure. 
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SHORT-TIME TENSION AND CREEP-RUPTURE PROPERTIES OF HARD- 
ENED 1040, 4340, AND Ni-Cr-Mo-V STEELS UP TO 1000 F* 


By G. V. SmirH! AND W. B. SEENs! 


Short-time tensile properties at 80, 500, 700, 850, and 1000 F and creep- 
rupture properties at 850 and 1000 F are reported for 1040, 4340, and Ni- 
Cr-Mo-V (0.40 per cent carbon) steels heat treated to a tensile strength 
of 150,000 psi at room temperature. The 1040 steel was also tested in creep- 


SYNOPSIS 


rupture at 500 and 700 F. 


After the completion, several years 
ago,? of a study of the mechanical proper- 
ties of hardened 4340 and nickel-chro- 
mium-molybdenum-vanadium steels at 
temperatures up to 700 F, it became 
apparent that there is considerable in- 
terest in the properties of such steels at 
even higher temperatures. Although this 
previous study had been conducted on 
material quenched and tempered to a 
tensile strength of 200,000 psi at room 
temperature, it was deemed necessary, if 
higher temperatures were to be studied, 
to conduct the tests on material at a 
somewhat lower strength; otherwise the 
test temperatures would exceed the tem- 
pering temperature. Since interest 
seemed to lie in test temperatures up to 
1000 F, a strength level of 150,000 psi 
was considered appropriate. 

The same two grades previously stud- 
ied were included and, in addition, 1040 
steel was subsequently added to the pro- 
gram, because of its freedom from strate- 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Research Laboratory, United States Steel 
Corp., Kearny, N. J. 
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gic alloying elements. However, 1040 
steel does not approach the hardenability 
of the two alloy grades and hence would 
be suited only for relatively thin sections. 
All steels were tested in creep rupture at 
850 and 1000 F, and since the 1040 steel 
had not been included in the previous 
tests, it was also tested at 500 and 700 F. 
The tests of the 1040 steel at all tempera- 
tures were carried out at the 150,000 psi 
level; even so, the tests at 850 and 1000 F 
were above the tempering temperature 
(840 F) for this material. Short-time ten- 
sion tests were made of all steels at 80, 
500, 700, 850, and 1000 F. 


MATERIALS AND PROCEDURE 


The analyses and heat treatment of 
the test steels are given in Table I. The 
Ni-Cr-Mo-V steel is the identical one of 
the previous study’ and represents the 
3-in. thick rolled product of a 300-lb 
induction furnace heat. The 1040 steel 
was of open-hearth manufacture and the 


2G. V. Smith, W. B. Seens, and E. J. Dulis, 
“Hardened Alloy Steel for Service Up to 700 
F,”’ Proceedings, Am. Soc. Testing Mats., Vol. 
50, pp. 882-892 (1950). 
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4340 of electric furnace manufacture; 
both were received as 4-in. round bars. 
All steels were oil-quenched after 1 hr at 
the austenitizing temperature and water- 
quenched after 2 hr at the tempering 
temperature. The austenitizing and tem- 
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RESULTS AND DISCUSSION 


Initial Microstructures: 


The microstructures of the test steels 
as quenched and tempered to a tensile 
strength of approximately 150,000 psi at 


D- pering temperatures used are listed in room temperature are shown in Fig. 1. 
Table I. Specimens were heat-treated in Through-hardening was effected in the 
a rough-machined condition and finish- two alloy steels, and the microstructures 
machined after heat treatment. The are typically tempered martensite. The 
proper tempering temperatures were es- 1040 steels appeared to have a trace of 
tablished in a preliminary survey. Ten- nonmartensitic transformation product 
sion test specimens had a reduced sec- and a slightly coarser austenitic grain 
tion of 0.250 in., and the elongation was _ size. 
TABLE I.—CHEMICAL COMPOSITION AND HEAT TREATMENT OF TEST STEELS. 
Composition, per cent 
Grade 
| gates | | Solfur | sitcon | wicket | Chee | 
0 0.41 | 0.77 | 0.018 | 0.0385 | 0.22] ... | ... | 
0.39 | 0.71 | 0.012 | 0.016 | 0.29 | 1.82 | 0.72 | 0.28] ... 
ld ROE civsiccavasnusowns 0.40 | 0.21 | 0.015 | 0.015 | 0.16 | 2.0 | 0.97 | 0.37 | 0.18 © 
S. Heat TREATMENT 
at 
b 
1S 
F. 1550 840 
F * | hr at temperature. 
re > 2 hr at temperature. 
) measured after fracture over a 1-in. gage Shori-Time Tension Tests: a - 
length. The creep-rupture specimens had 
a reduced section of 0.200 in., and the Two or more tension tests were carried 
elongation was measured over a 0.8-in. ut on each steel at 80, 500, 700, 850, and 
gage length. The creep-rupture tests were 1000 F, with Tesults summarized in Ta- 
of carried out at a series of stresses chosen le I and Fig. 2. It will be noted that 
e to permit establishment of the 1000-hr the tensile strength of the 4340 steel 
of strength without undue extrapolation. ®t room temperature was 143,000 psi, 
e Creep strains were measured by sighting slightly lower than the desired 150,000. 
b with a telescope through a window in the This discrepancy arose because the tem- 
] furnace wall on a “wire-tube” extensome- Péring treatment was established on the 
e ter mounted on the test specimen. basis of hardness measurements. The 
— replicate tests showed good agreement. 
3, 3J. A. Fellows, E. Cook, and H. S. Avery, Except for a slight rise in the tensile 
0 “Precision in Creep Testing,’’ Transactions, 


Am. Inst. Mining and Metallurgical Engrs., 
Vol. 150, p. 358 (1942). 


strength of the 1040 steel at 500 F, which 
may or may not be significant (strain- 


a 
2 
. 
i 
} 


aging?), the yield and tensile strengths degree, but the 1040 steel was signifi- 
decreased with increasing temperature. cantly inferior at the higher test tem- 
At the same time, the elongation and re- peratures of 850 and 1000 F, both of 


4340 steel. 


Ni-Cr-Mo-V steel. 
Fic. 1.—Initial Microstructures of Steels. Etched in picral (X 1000). 


duction of area of the steels increased. which exceeded the tempering tempera- 
_ If account is taken of the difference in ture used for this grade. ae 
properties at room temperature, the 4340 
and Ni-Cr-Mo-V steels on being heated ©"¢eP-Ruplure Tests: 
_ retained their strength to about the same The results of the creep-to-rupture 


. ae, | 
& 
— 


P. | TABLE II.—RESULTS OF SHORT-TIME TENSILE TESTS. 
; Average of two or more tests, 0.25 in. in diameter. 
Elongation | Reduction 
- T ture, 0.2% Offset Yield | Tensile St; th, * 
) Ee 1040 135 000 149 000 18.5 65 
4340 129 000 143 000 20.5 62 
4 Ni-Cr-Mo-V 145 500 151 000 18.5 60 
1040 113 000 152 000 36.0 77 
4340 107 000 139 500 20.5 53 
Ni-Cr-Mo-V 117 000 142 000 20.5 60 
; Diletiioetnvewes 1040 88 000 114 000 35.0 85 
4340 96 000 122 000 25.0 72 
Ni-Cr-Mo-V 102 000 125 000 - 23.5 68 
Sy ee 1040 56 000 80 500 39.5 90 
4340 85 500 103 000 26.0 76 
Ni-Cr-Mo-V 93 500 110 000 23.0 74 
eee e 1040 26 000 50 000 51.0 91 
4340 58 000 80 000 34.0 87 
Ni-Cr-Mo-V 69 500 87 000 27.5 81 
160000 T —— T | 
Tensile 
~ 
Ni-Cr-Mo-V 
4340 
1040 
40 000 \ 
| | | | 
100 000 T T T T T 
Reduction of Area 1040 
4340 
& 80000 Ni-Cr-Mo-V— 
o 
— 
§ 60000 
3 a 1040 a 
« 40000 
vad 
Elongation A 4340 
& 20000 
ie) 200 400 600 800 1000 
Test Temperature, deg Fahr 
Fic. 2.—Variation of Short-Time Tensile Properties with Test Temperature. 
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Time for. Total Strain Tertiary Rupture 
5 Time for:| per cent, 3 per cent a 
TOOF Total Strain Tertiary Creep ~ 
& 50000 ___ Rupture 
ime for: percent, 3 percent - Tertiary Creep 
4 
- 
5000 Time for: lper cent, Sper cent > 
Ol Ke) 10 100 1000 


Fic. 3.—Design Chart—1040 Steel. 


100000 TT TTT 
— Time for: per cent, cent~ Tertiory__/ 
Total Strain Creep 
Rupture 
a 850F 
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10 10 100 1000 
Time, hr 


Fic. 4.—Design Chart—4340 Steel. 
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50000 


Elongation, 


10000 


50000 


10000 


Stress, psi 


5000 


100000 


100000 = T T 
850F 
60 is Time for: /percent, 3 percent 
Ss Total Strain 
a 
a 
~-4 
® 50000 
Rupture 
— = 
a Time for: lpercent, Zpercent === 
Total Strain Tertiary 
10000 
1.0 10 100 
Time, hr 
Fic. 5.—Design Chart—Ni-Cr-Mo-V Steel. 
Minimum Creep Rate, per cent per hr 
F 


TTT 


500F 100 
= T T T 
Time to Rupture, hr 500F —> 


Lili 


“ qv 


O.l 


10 
Ratio of Elongation at Rupture to Time for Rupture, per cent per hr 


Fic. 6.—Creep Rate and Ductility Characteristics of 1040 Steel. 
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100000 2 TTT T 
50000 F 
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50000 
2 — 
o 
§ Time to Rupture, hr 
% 50000 B50F 
4 
0.001 0.0! 1.0 10 
an Ratio of Elongation at Rupture to Time for Rupture, per cent per nr 
4 
Fic. 7.—Creep Rate and Ductility Characteristics of 4340 Steel. 
hod 
a ae Po Minimum Creep Rate, per cent per hr pie 
Qoo! 0.1 ike) 10 
B50F 
& 50000 | 
; !00000 F- ed. of Aree 
50000 /000F 
— 
Elongotion 
2 Time to Rupture, hr | 
& 50000 F 
o 1000 7 
4 
a 
000! 1.0 10 100 
Ratio of Elongation at Fracture to Time at Fracture, per cent per hr 


. 
J 
a: 
G. 8.—Creep Rate and Ductility Characteristics of Ni-Cr-Mo-V Steel. 


tests are presented in the form of so- 
called “design charts” in Figs. 3, 4, and 
5. On each of the charts is shown the time 
for 1 and 3 per cent total strain as well 
as the time for beginning of tertiary 
creep (accelerating-rate stage) and the 
time for rupture. Minimum creep rate 
and ductility data for the steels are 
shown in Figs. 6, 7, and 8.‘ 

With increasing temperature the slopes 
of the curves of the design charts in- 
creased as did the spread between the 
curves of a family. Similarly the slopes 
of the minimum and average creep rate 
curves increased with increasing tem- 
perature. All steels showed good ductility 
even at the longest rupture times, in con- 
trast to some tendency for brittleness in 
the previous tests of material heat- 
treated to the 200,000-psi strength level. 

As a basis for comparison of the three 
steels, the stresses for rupture in 1000 hr 
and for a mininum creep rate| of 0.01 
per cent per hour are listed in Table III. 
The strength of the 1040 steel in terms 
either of rupture time or creep rate was 
greatly inferior to the alloy steels at the 
two temperatures, 850 and 1000 F, at 
which they were all tested. As mentioned 
earlier, both of these temperatures ex- 
ceeded the tempering temperature of the 
1040 steel. Of the two alloy grades, the 
Ni-Cr-Mo-V steel was significantly the 
superior, and more so at 1000 F than at 
850 F. This superiority of Ni-Cr-Mo-V 
steel had been observed in the previous 
tests at the 200,000-psi level of strength.? 

The relation of the 1000-hr rupture 
strength to the yield strength in short- 
time tests is of interest as a rough indi- 
cator of whether creep should be con- 
sidered in design. In the previous study 
of the 4340 and Ni-Cr-Mo-V steels at a 


4 The plots of stress versus ratio of elongation 
at rupture to time at rupture have been found 
useful for extrapolating ductility to longer rup- 
ture times than can be tested, as shown in: 

G. V. Smith, “Properties of Metals at 
Elevated Temperatures,”” McGraw-Hill Book 
Co., Ine., New York, N. Y., p. 151 (1950). 
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strength level of 200,000 psi, it was found 
that the yield strength was less than the 
1000-hr rupture strength up to about 
700 F. In the present study, it was found, 
as is to be expected, that the rupture 
strength lies below the yield strength at 
the two higher test temperatures. How- 
ever, in the case of the 1040 steel in the 
present study, the 1000-hr rupture 
strength is less than the yield strength 
even at the lowest test temperature of 
500 F. 


sectioned longitudinally all the frac- 
ture, nickel-plated, mounted, polished, 
and examined for the mode of fracture 


as well as for changes in microstruc- 


TABLE III.—RESULTS OF CREEP-RUP- 


TURE TESTS. 


Stress for Rupture in 1000 hr, psi 
Grade 
500 F 700 F | 850 F | 1000 F 
108 000|56 000/21 500) 6 400 
Ni-Cr-Mo-V....| ... ... |80 000/23 500 
Sem for Minimum Creep Rate of 
Grade 0.01 per cent per hr, psi = 
500 F 700 F | 850 F | 1000 F 
55 000/18 500) 5 200 
oars ... |65 000/18 000 
Ni-Cr-Mo-V.... 80 000/29 000 


ture. All fractures appeared to be trans- 
granular but tended toward intergranu- 
lar at the longest test time at the highest 
temperature. Spheroidization was ob- 
served and was more pronounced the 
higher the test temperature and the 
longer the test time. Photomicrographs 
near the fracture surface of the longest- 
time fracture at 1000 F for each of the 
three steels are shown in Fig. 9. 


SUMMARY 


With increasing temperature of test, 
the yield and tensile strengths of all 
three steels decreased, except for a slight 


| 


intermediate rise at 500F in the ten- 
sile strength of the 1040 steel (perhaps 
the result of strain-aging, since no such 


«Nickel plate. 


in picral (X 1000). 


increase was observed in the yield 
strength). At the same time, the elonga- 
tion and reduction of area of the steels 
increased. The 4340 and Ni-Cr-Mo-V 
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Ni-Cr-Mo-V steel—770 hr. 
4 Fic. 9.—Microstructures at Fracture of Longest-Time Rupture Test Specimen at 1000 F. Etched 


steels retained their strength to approxi- 
mately the same degree with increasing 
temperature, but the 1040 steel was sig- 


ad 


aad 


nificantly weaker than the alloy grades 
at 850 and 1000 F. 

In the creep-rupture tests the inferior- 
ity of the 1040 steel was even more 


1040 steel—1780 hr. 4340 steel—S40 hr. 
Nickel plate. 
| 
Od, 
3 


marked. Of the two alloy grades, the Ni- 
Cr-Mo-V steel was superior to the 4340 
at both 850 and 1000 F, with the supe- 
riority more marked at the higher tem- 
perature. All three steels showed good 
ductility in the creep-rupture tests. Car- 
bide spheroidization was more pro- 
nounced the higher the test temperature 
and the longer the test time. Fractures 
appeared to be transgranular at all tem- 
peratures but tended toward intergranu- 


ar 
@e. 
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lar at the longest times at the highest 
temperature. 
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THE CREEP CHARACTERISTICS OF COPPER-NICKEL ALLOYS 


AT 300, 400, AND 500 F* 


By J. H. Port’ anp A. I. BLANK? 


Although copper-nickel alloys have 
been used for many years in applications 
involving stress at elevated tempera- 
tures, as in heat exchangers and unfired 
pressure vessels, very little information 
pertaining to the creep properties of 
these materials has been published. 
Creep properties of a 70-30 copper- 


_ nickel alloy in the form of }-in. diameter 


rod annealed to 0.020-mm grain size 


_ were determined by Burghoff, Blank, 


and Maddigan (1).2 Those data are 
included in this paper in order to com- 


_ pare the creep properties of the 70-30 


composition with those of three other 


copper-nickel alloys. 


MATERIALS 


The alloys tested in this investigation 


_ were 90-10 copper-nickel containing 0.68 


per cent iron, 90-10 copper-nickel con- 
taining 1.08 per cent iron, and 80-20 
copper-nickel containing 0.19 per cent 
iron. The chemical composition and the 


_ physical properties of each material in 


the form of }-in. diam rod are given in 


Table I. Corresponding data for the 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Research and Development Dept., Chase 
Brass and Copper Co., Waterbury, Conn. 

2? Research Metallurgist, Research and De- 
velopment Dept., Chase Brass and Copper 


Co., Waterbury, Conn. 


The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1049. 


ow 


70-30 copper-nickel alloy containing 
0.03 per cent iron are also included. 

The creep tests were made on }-in. 
diameter rod drawn to size, mechanically 
straightened, and cut to length. The 
annealed materials were given final 
anneals following the straightening 
operation. The 90-10 copper-nickel con- 
taining 1.08 per cent iron was tested as 
drawn 21 per cent reduction in area and 
as annealed to 0.025-mm grain size. All 
of the other materials were tested in the 
as-annealed condition. 


PROCEDURE 


The creep testing equipment and the 
method used have been described in 
detail in previous papers (1 to 4). The 
strain in the specimens was measured 
over a 10 in. gage length by means of dial 
indicators which have 0.0001-in. scale 
divisions and a range of total extension 
of 2.5 per cent. When the total extension 
exceeded 2.5 per cent, the indicators were 
reset without interrupting the creep 
tests. Temperatures within the gage 
lengths of all the specimens were care- 
fully controlled and maintained well 
within the limits specified in ASTM 
Recommended Practice for Conducting 
Long-Time High-Temperature Tension 
Tests of Metallic Materials (E 22 - 41).‘ 

Tensile properties at room tempera- 


41952 Book of ASTM Standards, Part 1, 
p. 1445. 
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TABLE I.—COMPOSITIONS AND PROPERTIES OF MATERIALS TESTED. 
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Yield 


Tensil 
bm Material Analysis by Weight, per cent Temper ™ cont, Strength, oe 7 
per ect 
Load, psi 
90-10 copper-nickel...... 89.06 Cu; 10.10 Ni; 0.68 | Annealed 0.030- | 13 900 | 42 900 | 44.0 
Fe; 0.15 Mn; 0.01 Zn; mm grain size 
<0.003 Pb; <0.002 
Si; <0.001 Al; <0.001 
Sn 
90-10 copper-nickel...... 88.49 Cu; 10.17 Ni; 1.08 | Annealed 0.025- | 14 600 | 45 800 | 37.5 
: Fe; 0.12 Mn; 0.11 Zn; mm grain size 
lO 0.03 Pb Drawn 21 per | 56 000 | 61 800 | 15.5 
* cent reduction 
6 
80-20 copper-nickel...... 78.50 Cu; 19.95 Ni; 0.76 | Annealed 0.025- | 16 400 | 52 500 
Zn; 0.60 Mn; 0.19 Fe; mm grain size 
<0.02 Pb 
70-30 copper-nickel...... 69.07 Cu; 30.06 Ni; 0.80 | Annealed 0.020- | 21 000 | 59 000 


Mn; 0.03 Fe; 0.005 Pb 


mm grain size 


wit 50900— aii : 
L 
E 
| 
90-10 Copper Nickel (068% Fe) 
5 Annealed, 0.030 mm 
0.0001 0.0005 O00! 0005 0.05 Ol 


Creep Rate, per cent per 000 hr 


Fic. 1.—Stress and Creep Rate Relationships at 300, 400, and 500 F for Annealed 90-10 Copper- 


Nickel Alloy Containing 0.68 per cent Iron. 
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TABLE II.—RESULTS OF CREEP TESTS. 


“Testing rotat | | Total Creep 
- en- 
Alloy and Temper ae Stress, psi Time, hr dan, per bn Intercept Rate, 2,” per 
Fahr cent per cent 
90-10 copper-nickel (0.68 300 9 850 6070 0.062 | 0.0369 | 0.0349 0.0003 
per cent iron) 14 950 6070 1.22 0.321 0.3124 0.0015 
Annealed 0.030-mm grain 17 750 6050 2.10 0.455 0.436 0.0030 
size 20 400 6050 2.95 0.891 0.859 0.0051 
400 5 850 | 6070 | 0.035 | 0.0224 | 0.009 0.0022 
- 10 050 6070 0.103 | 0.0892 | 0.071 0.003 
me | bey @> 12 600 6070 0.645 | 0.411 0.354 0.0093 
15 100 6070 1.40 0.514 0.389 0.021 
ane it 17 800 6070 2.48 0.915 0.646 0.044 
500 | 5 050| 6200 | 0.030 | 0.059 | 0.0248 | 0.0006 
: 8 000 6200 0.050 | 0.113 0.063 0.0083 
13 050 | 6200 | 0.570| 1.61 | 0.819 0.128 
7 90-10 copper-nickel (1.08 300 15 000 6000 0.742 | 0.1285 | 0.128 <0.0001 
per cent iron) 20 000 6000 1.688 | 0.443 0.442 0.00016 
Annealed 0.025-mm grain 25 000 | 6000 4.54 0.165 0.1637 0.00022 
size | 
- 400 9 200 6000 0.055 | 0.0035 | 0.003 0.0001 
> 14 200 6000 0.520 | 0.0839 | 0.0795 0.00073 
: 19 200 6000 1.964 | 0.214 0.202 0.002 
H 22 200 6000 2.592 | 0.0585 | 0.042 0.0028 
500 9 200 6000 0.072 | 0.0180 | 0.0143 0.00061 
_ ma 13 150 6000 0.252 | 0.264 0.2538 0.0017 
18 150 6000 1.604 | 0.199 0.1756 0.0038 
- 90-10 copper-nickel (1.08 300 20 050 6000 0.120 | 0.0191 | 0.0188 | <0.0001 
8 per cent iron) 30 000 6000 0.183 | 0.016 0.0148 0.0002 
Drawn 21 per cent reduction 40 050 | 6000 | 0.241 | 0.0362 | 0.0276 0.00143 
' in area : 45 000 6000 0.334 | 0.0755 | 0.0610 0.0024 
50 000 6000 0.450 | 0.185 0.164 0.0035 
400 15 150 6000 0.090 | 0.0204 | 0.0192 0.0002 
1, 25 150 6000 0.150 | 0.034 0.028 0.0010 
35 100 6000 0.228 | 0.0802 | 0.0628 0.0029 
40 000 6000 0.262 | 0.1495 | 0.1115 0.0063 
45 100 6000 0.346 | 0.363 0.143 0.0366 
500 20 300 6000 0.128 | 0.0708 | 0.0576 0.0022 
30 150 6000 0.192 | 0.2505 | 0.169 0.0136 
35 500 4320 0.228 | 0.379 0.189 0.044 
35 500 6000 0.228 | 0.472 0.102 0.0617° 
80-20 copper-nickel 300 10 000 6200 0.080 | 0.005 0.0045 0.0001 
F Annealed 0.025-mm grain 15 000 6200 0.145 | 0.0105 | 0.010 0.0001 
size 20 000 6200 1.120 | 0.106 0.104 0.0004 
24 900 6200 2.380 | 1.103 1.100 0.0004 
0.100 | 0.017 0.013 0.0006 
0.470 | 0.011 0.008 0.0004 
1.560 | 0.125 0.086 0.006 
1.794 | 0.380 0.369 0.0012 
3.110 | 0.0195 | 0.0125 0.0011 
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TABLE II.—Concluded. 
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Creep 
Testing Initial T 
Tempera- Total | Exten- | Total 
Alloy and Temper ture, deg | Stress, psi Time, hr | sion, per soem Intercept | Rate, %,° per 
Fahr cent per cent ner 
70-30 copper-nickel 300 4 550 2600 0.023 | 0.010 0.010 <0.0001 
Annealed 0.020-mm grain i 15 100 2600 0.087 | 0.022 0.022 <0.0001 
size 19 900 4400 0.86 0.024 0.022 0.0004 
j 28 450 5200 3.20 0.030 0.025 0.001 
32 700 3700 4.50 0.032 0.030 0.0006 
=" 
a sO 400 4 980 2880 0.022 | 0.004 0.004 0.0001 
) ; 15 950 4100 0.160 | 0.007 0.006 0.0002 
re : 500 4 980 2780 0.030 | 0.001 0.001 0.0001 
\ 10 250 5000 0.062 | 0.013 0.013 <0.0005 
15 650 | 3260 | 0.29 | 0.011 | 0.008 0.0009 
a 21 150 5000 1.45 0.048 0.030 0.0037 
26 500 3260 2.72 0.045 0.028 0.0054 
30 650 5100 4.58 0.091 0.048 0.0084 


of creep as follows: 


where: 


t = time 


@ The values e9 and v may be used in 


Creep = eo + vt 


é = a constant (intercept for zero time on creep-time plot), 
» = creep rate (slope or tangent to creep curve), and 


> Third stage of creep, accelerating creep rate. 


the McVetty type of formula (5) for calculating amount 


TABLE III—SUMMARY OF CREEP PROPERTIES.* 


1 —_— Stress, psi for Designated Creep Rate 
Material Temper ture, deg 
Fahr 0.001 per cent! 0.01 per cent} 0.1 per cent 
per 1000 hr | per 1000 hr per 1000 hr 
90-10 copper-nickel | Annealed 0.030-mm 300 13 500 (24 000)} (>25 000) 
(0.68 per cent iron) grain size 400 (7 500) 12 800 (21 500) 
500 5 600 8 300 12 400 
90-10 copper-nickel | Annealed 0.025-mm 300 >30 000 non 
(1.08 per cent iron) grain size 400 16 000 (30 000) 
500 11 000 (24 500) 
90-10 copper-nickel Drawn 21 per cent re- 300 37 800 | >50 000 it 
(1.08 per cent iron) duction in area 400 25 600 42 500 (46 000) 
500 16 700 28 500 36 000 
80-20 copper-nickel Annealed 0.025-mm 300 >25 000 pace 
grain size 400 
500 17 000 | >30 000 
70-30 copper-nicke Annealed 0.020-mm 300 24 000 (35 000) 
grain size 400 
500 16 000 | (30 000) 


@ Values enclosed in parentheses were derived by extrapolation. 
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ture were determined on the same }-in. mental loads directly to the specimens 
diameter rod using a 50,000-lb Baldwin- and measuring strain with the dial 
_ Southwark universal testing machine _ indicators. 


a 
scod— 
90-0 Copper Nickel (.08% Fe) 
— 
00005 000i Q005 OO! 005 ol 05 


Creep Rate, per cent per 1000 hr 


: ____ Fic. 2.—Stress and Creep Rate Relationships at 300, 400, and 500 F for Annealed 90-10 Copper- 
"G Nickel Alloy Containing 1.08 per cent Iron. 


100, 
50,000}— 300F. 400F 
90-10 Copper Nickel (L08% Fe) 
4 Drown 21% 
0.000! Q0005 000! 0005 OO! 005 «(Ol 


Creep Rate, per cent per 1000 hr 


: Fic. 3.—Stress and Creep Rate Relationships at 300, 400, and 500 F for Hard-drawn 90-10 
4 Copper-Nickel Alloy Containing 1.08 per cent Iron. 


equipped with automatic stress-strain Discussion or Test RESULTS — 
recording equipment. Stress-strain tests The results of the creep tests, which 


at elevated temperatures were made in were run at constant load for 6000 hr 
_ the creep furnaces by applying incre- in most cases, are listed in Table II. 


fr 


6 

> 
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The indicated creep rates were taken 500 F are summarized in Table III by — 
from the extension versus time curves at the stresses which produce creep rates 
6000 hr, at which time most of the of 0.001, 0.01, and 0.1 per cent per 1000 


50,000}- 
° 
10000e- 
5000}— 
80-20 Copper Nickel 
0000! ©0005 000! 0005 005 


Creep Rate, per cent per |O000 hr 


Fic. 4.—Stress and Creep Rate Relationships at 300 and 500 F for Annealed 80-20 Copper-Nickel - 
Alloy Containing 0.19 per cent Iron. 


Oo 

= 

4 


a a 
- 70-30 Copper Nickel 
0.0005 0.00! 0005 600! 005 «(Ol fo he) 


Creep Rate, per cent per 1000 hr 


Fic. 5.—Stress and Creep Rate Relationships at 300 and 500 F for Annealed 70-30 Copper 
Nickel Alloy Containing 0.03 per cent Iron. 


creep rates were either constant or de- hr at 6000 hr. These stresses were taken 

creasing very slightly. from the log stress versus log creep rate 
The creep properties of the various curves shown in Figs. 1 to 5. 

copper-nickel alloys at 300, 400, and The values of stress which produced a 
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creep rate of 0.001 per cent per 1000 hr 
were used for comparing the relative 


2 strengths of these materials. 


_ Although the creep rate of 0.01 per cent 
per 1000 hr is frequently used for such 
comparison, it was found more con- 

_ venient in this case to use the value of 

_ 0.001 per cent per 1000 hr. The stresses 

_ which produced a creep rate of only 

0.001 per cent per 1000 hr were well 

_ above the yield strengths of the annealed 

materials and considerable initial ex- 
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produces a creep rate of 0.001 per cent 
per 1000 hr, is shown in Table III and 
Fig. 6. The creep strengths of the an- 
nealed 90-10 copper-nickel alloys con- 
taining 0.68 and 1.08 per cent iron de- 
crease appreciably as the temperature 
increases from 300 to 500 F. This is also 
true for the hard-drawn temper of the 
higher iron-bearing alloy. However, it is 
apparent from Fig. 6 that although the 
creep strengths of 80-20 copper-nickel 
and 70-30 copper-nickel decrease as the 


| | 21% | 
Annid 70-35 
= | Fe 
T 
Annid 030mm 
| 0.68% Fe 
5 
5 
2 | | 80-20 Copper Nickel Alloy 
ond 
H 90-10 Copper Nickel Alloys 70-30 Copper Nickel Alloy 
| | | 
i 200 300 400 500 600 200 300 400 500 600 


Temperoture, deg Fahr 
Fic. 6.—Creep Strength and Temperature Relationships for 90-10, 80-20, and 70-30 Copper- 


Nickel Alloys. 


tension took place upon application of 
the load. It will be noted from the data 
in Table II that the initial extensions of 
some of the tests made at higher stresses 
were quite high, as much as 4 per cent or 
more. Although the annealed materials 
creep very little, even under moderately 
high stress, the amount of initial ex- 
tension which results may be prohibitive. 
This limitation can be significantly re- 
duced by small amounts of cold work, as 
will be shown later. 

The effect of temperature on creep 
strength, represented by the stress that 


temperature increases, they are affected 
much less by temperature than the 
90-10 copper-nickel alloys. 

The effects of alloy content and cold 
working on the creep strengths of these 
materials at 300, 400, and 500 F are 
shown in Fig. 7. It is apparent that iron 
has a very appreciable effect on the 
creep strength of 90-10 copper-nickel 
alloy at 300, 400, and 500 F. The 90-10 
copper-nickel alloy containing 1.08 per 
cent iron, annealed to 0.025-mm grain 
size, has two or more times the creep 
strength of the alloy with 0.68 per cent 
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iron annealed to 0.030-mm grain size. 
The slight difference in the grain sizes 
of these two materials is believed to be 
insignificant. It is of further interest 
that at 300 F the annealed 90-10 copper- 
nickel containing 1.08 per cent iron has 
greater creep strength than the annealed 
80-20 and annealed 70-30 copper-nickel 
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cent reduction in area. The creep 

strength of this drawn material is con- 
siderably higher than that of the an- 
nealed 80-20 and the annealed 70-30 
copper-nickel alloys at 300 F, and at 
500 F the creep strengths of the three 
alloys are substantially equal. In addi- 
tion, for creep rates at 6000 hr produced 


345 6 
300 F 


Fic. 7.—Creep Strength of Copper and Copper-Nickel Alloys at 300, 400, and 500 F. 


1—Electrolytic tough pitch copper annealed 0.025-mm grain size. 2—90-10 copper-nickel alloy (0.68 per cent iron) 
i —— alloy (1.08 A cent iron) annealed 0.025-mm grain si 

copper-nickel alloy (1.08 per cent iron) cold drawn 21 per cent r 
cent iron) annealed 0.025-mm grain size. 6—70-30 copper-nickel alloy (0.03 per cent iron) anni 


annealed 0.030-mm grain size. 3—90-10 co 


alloys. However, at 500 F, the creep 
strengths of both 80-20 and 70-30 copper- 
nickel alloys exceed that of the annealed 
90-10 copper-nickel containing 1.08 per 
cent iron by about 50 per cent. Of all 
the copper-nickel alloys considered here, 
the best creep properties are exhibited 
by the 90-10 copper-nickel alloy con- 
taining 1.08 per cent iron as drawn 21 per 


—p 
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400F 


ion i 5—80-20 iEkel alloy: (0.19 per 
uction in area. -20 copper-nickel alloy (0.19 per 
ested 0.020-mm grain size. 


by stresses above the proportional limits 
of these materials, the total extension of 
the drawn 90-10 copper-nickel is very 
much less than that of the annealed 
80-20 and 70-30 copper-nickel alloys 
because the initial extension is appreci- 
ably less for the drawn material. a 
It is of interest to note the effect a 
the higher iron content on the annealing 
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TEMPERATURE PROPERTIES. 


TABLE IV.—EFFECT OF CREEP TEST EXPOSURES ON ROOM 


Creep Testing Tensile |Elongation 
Material and Temper Strength, jin 2 in. Microstructure 
90-10 copper-nickel (0.68 | (As proc- 42900 | 44.0 
— per cent iron) Annealed essed) 
7 0.030-mm grain size 300 9 850 | 6070 | 44 000 39.5 
14 950 | 6070 | 43 500 40.0 
17 750 | 6050 | 44 200 40.0 
“=: 20 400 | 6050 | 44 000 | 36.0 
im: 400 10 050 | 6070 | 43 800 | 40.5 
12 600 | 6070 | 43 500 39.0 
15 100 | 6070 | 43 000 38.5 
17 800 | 6070 | 41 700 Ps 
500 5 050 | 6200 | 44 600 40.0 
8 000 | 6200 | 43 900 39.0 
90-10 copper-nickel (1.08 | (As proc- 45 800 | 37.5 | Alpha Grains 
per cent iron) Annealed ) °. 
0.025-mm grain size 300 15 000 | 6000 | 45 000 | 35.0 | Unchanged 
20 000 | 6000 | 45 900 35.0 Unchanged 
> 25 000 | 6000 | 45 300 33.5 Unchanged ~ 
400 9 200 | 6000 | 46 400 | 36.0 | Unchanged 
14 200 | 6000 | 46 600 | 37.0 | Unchanged 
19 200 | 6000 | 46 800} 37.0 | Unchanged ~ 
22 200 | 6000 | 45 400 | 32.0 | Unchanged _ 
500 9 200 | 6000 | 46 800 | 31.5 | Unchanged 
13 150 | 6000 | 46 200 31.5 Unchanged 
18 150 | 6000 | 46 100 ae Unchanged 
90-10 copper-nickel (1.08 | (As proc- 61 800 | 15.5 | Slightly worked 
per cent iron) Drawn 21 essed) structure 
per cent reduction in 300 20 050 | 6000 | 62 400 15.5 As Drawn 
area 30 000 | 6000 | 63 000 15.0 As Drawn 
xo 6h 40 050 | 6000 | 61 800 15.0 As Drawn 
wa - 45 000 | 6000 | 62 400 15.5 As Drawn 
— 50 000 | 6000 | 62 400} 15.5 | As Drawn 
a 400 15 150 | 6000 | 61 400 16.5 As Drawn 
whe 
. 25 150 | 6000 | 62 000 16.0 As Drawn 
Fite _ 35 100 | 6000 | 62 200 15.0 As Drawn * 
om 40 000 | 6000 | 61 000} 15.0 | AsDrawn 
ra 7 45 100 | 6000 | 61 000 11.5 As Drawn 
q 500 20 300 | 6800 | 60 900 | 14.5 | As Drawn 
i 30 150 | 6800 | 61 200 15.0 As Drawn 
35 500 | 6000 | 57 700 ee As Drawn 
40 100 | 1000 | 57 900 ‘el As Drawn 
80-20 copper-nickel An- (As proc- 52 500 | 40.5 | Alpha Grains 
nealed 0.025-mm grain 
size 
AP 500 15 000 | 6200 | 53 600 35.0 Unchanged 
a. 22 100 | 6200 | 53 700 31.5 Unchanged 
; 70-30 copper-nickel An- (As proc- 59 000 | 40.0 | Alpha Grains 
= nealed 0.020-mm grain essed) 
size 
Unchanged ' 
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characteristics of the 90-10 copper-nickel 
alloy. In processing these materials it was 
noted that the 1.08 per cent iron had a 
considerable effect as a grain size in- 
hibitor. Following a reduction in area 
of 81.5 per cent from a penultimate 
grain size of 0.035 mm the 90-10 copper- 
nickel containing 0.68 per cent iron was 
annealed at 1200 F to produce a final 
grain size of 0.030 mm. On the other 
hand, the alloy containing 1.08 per cent 


(@) Without applied magnetic field—free iron not evident. 


for 6000 hr in Creep Test at 500 F (X 500. 
Unetched, coated with colloidal suspension om magnetite. 


iron having been drawn 78.5 per cent 
reduction in area after a penultimate 
anneal to an 0.030-mm grain size, was 
annealed at 1360 F to produce a final 
grain size of 0.025 mm. Although the 
penultimate grain sizes and final reduc- 
tions were substantially the same, the 
alloy of higher iron content required an 
annealing exposure at a higher tempera- 
ture to produce the final grain size. 
Prior to the penultimate anneals these 
materials were annealed in production 
furnaces at 1300 to 1400 F. tine 
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Fic. 8.—90-10 Copper-Nickel voy as .08 per cent Iron) Annealed 0.025-mm Grain Size. Exposed 
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The materials used for these creep 
tests were given careful microscopic ex- 
amination before and after testing. As — 
shown in Table IV the structures of these 
materials were stable at 300, 400, and 
500 F. No indications of recrystallization 
and softening were seen in the 90-10 
copper-nickel alloy drawn 21 per cent. 
Furthermore, no precipitate of free iron 
could be optically resolved in these 
materials. The technique used by Palmer 


- 


(6) With applied magnetic field—free iron evident. 


and Wilson (6) involving the use of a 
colloidal suspension of magnetite to de- 
tect optically unresolved precipitates of 
free iron in a copper-nickel alloy was 
successfully employed. The micrographs 
of Fig. 8 show the presence of free iron 
in the annealed 90-10 copper-nickel alloy 
containing 1.08 per cent iron after ex- 
posure in a creep test for 6000 hr at 
500 F. This effect was seen in the as- 
processed material, both as annealed and 
as drawn 21 per cent. The same technique 
did not show the presence of any free 
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iron in the lower iron-bearing 90-10 
copper-nickel alloy either as processed or 
after testing. These results are in agree- 
ment with those of Palmer and Wilson 
(6) who found that 0.75 per cent iron 
could be retained in solution in 90-10 
copper-nickel alloy using normal mill 
practices and that by taking special 
precautions, that is, water quenching 
from the annealing temperature, as much 
as 1.25 per cent iron could be retained 
in solution. 

The effect of iron in solid solution on 
creep strength was not determined in this 
investigation. It is unlikely that the 
amounts of iron in solid solution were 
greatly different in the alloys containing 
0.68 per cent and 1.08 per cent iron. One 
might expect, therefore, that the effect 
of dissolved iron on creep strength would 
be substantially the same for both alloys. 
Consequently the marked differences 
in their creep strengths should probably 
be attributed largely to the free iron 
present in the material of higher iron 
content. The free iron particles observed 
in this material were disposed mainly 
along lines substantially parallel to the 
axis of the rod. The higher creep strength 
is probably derived from the presence 
of this free iron in the form of very finely 
divided particles. 


SUMMARY 


The creep characteristics of several 
copper-nickel alloys were determined at 
300, 400, and 500 F. At these tempera- 
tures the creep strength of annealed 
90-10 copper-nickel alloy containing 1.08 
per cent iron was two or more times that 
of 90-10 copper-nickel alloy containing 
only 0.68 per cent iron. Free iron was 
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observed in the 90-10 copper-nickel con- 
taining 1.08 per cent iron, whereas no 
free iron was detected in the lower iron- 
bearing 90-10 copper-nickel alloy. In the 
annealed condition there was no sig- 
nificant difference between the creep 
strengths at 300 F of 90-10 copper-nickel 
alloy containing 1.08 per cent iron, 80-20 
copper-nickel alloy containing 0.19 per 
cent iron, and 70-30 copper-nickel alloy 
containing 0.03 per cent iron. At 500 F 
the creep strengths of the 80-20 and the 
70-30 copper-nickel alloys were very 
similar, but both were considerably 
higher than that of the annealed 90-10 
copper-nickel alloy containing 1.08 per 
cent iron. 

The creep strength of the 90-10 copper- 
nickel alloy containing 1.08 per cent iron 
was considerably improved by cold 
drawing 21 per cent reduction in area. 
At 300 F the creep strength of this cold- 
worked material was greater than that 
of all the annealed materials, and at 
500 F it was about the same as that of 
the annealed 70-30 and 80-20 copper- 
nickel alloys. For creep rates produced 
by stresses above the proportional limits 
of these materials the total extension of 
the hard-drawn 90-10 copper-nickel is 
very much less than that of the annealed 
materials because the initial extension is 
significantly less for the drawn material. 
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process of cold-rolled zirconium (1, 2)? 
have shown that the characteristics of (3, 4). 
the annealing behavior of zirconium 
» differ markedly from those of many other 
metals; that is, the major changes in 
hardness, annealing texture, and elec- 


recrystallization is apparently complete 
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CREEP PROPERTIES OF ANNEALED UNALLOYED ZIRCONIUM* 


By M. J. Manjorne! anp W. L. Mupce, Jr.! 


SYNOPSIS 


The creep properties of unalloyed zirconium depend on the state of anneal. 
Up to 600 F (315 C) the plastic flow on loading is so much larger than the 
creep strain for 1000 hr that creep can be neglected in design for such service 
lives. Above 600 F creep plays an increasingly important réle and must be 
taken into account. 

The strain of unalloyed zirconium can be expressed as a function of stress, 
strain, and time as follows: a_i 


where € is the strain, € is the strain rate, o is the stress, ¢ is the true stress 
at the intercept strain (€)), T is the absolute temperature, ¢ is the time, and 
the other quantities are constants. Therefore, the strain of unalloyed zirconium 
follows the McVetty analysis, and the creep rate conforms to the hyperbolic 
sine law suggested by Nadai with the temperature-dependent coefficient 
following the reaction rate theory as described by Kauzmann. 

The physical reasoning for the hyperbolic sine law and the influence of | 
stress on the energy term of the reaction rate coefficient are discussed. 


Studies of the kinetics of the annealing behavior of zirconium have neglected 


the importance of proper annealing 


Presented below is a determination of 
the creep properties of unalloyed zir- 
conium at 500, 600, and 750 F (260, 
315, and 400 C); also reported are data 
which show the dependency of creep 
properties on the state of anneal of the 
material. 


trical resistivity take place long after 


(as evaluated by metallographic exami- 
nation of the microstructure). Such 
studies as are available on the creep 


* Presented at the Fifty-seventh Annual 


EXPERIMENTAL PROCEDURE > 


Material: 


1 Research Laboratories and Atomic Power 
Division, respectively, Westinghouse Electric 
Corp., Pittsburgh, Pa. 

* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1066. 


The unalloyed zirconium used in these 
tests was obtained from two double arc- 


(ingots Nos. 
1050 


melted ingots of iodide crystal bar 
Fi29 and F544). The 
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TABLE 1.—CHEMICAL COMPOSITION 
OF UNALLOYED ZIRCONIUM, WEIGHT 
PER CENT. 
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specimen blanks. Axial alignment was 7 
obtained by machining the specimen 
gage length with reference to the loading ~ 


Fis wees holes, the specimen being free to rotate 
Spectrographic: about the pins in these holes during 
Aluminum............ 0.003 | 0.004 testing. ’ 
ra 0.002 | 0.005 A specimen design of this type has — 
Tron | the following advantages: The cross-- 
0.04 0.04 sectional area of the shoulders is con-— 
Molybdenum......... 0.001 0.001¢ ; ased 
0.002 | 0.005 —‘“iderably increased by the spot-welded 
SN: scchtieciainaee 0.005 | 0.003 tabs so that a small diameter pin can 
eee 0.001 | 0.001 be used to connect the specimen to the — 
Wis saccewsense 0.002 0.001 extension piece. This results in a smaller 
Chemical: specimen shoulder and a much smaller 
extension piece for a relatively large 
| specimen width. Thus larger width 
Hydrogen............ 6 34ppm specimen gage lengths can be used in 
oie. standard creep furnaces with simple 
extension pieces, 
8,00" 
225" 3.50" 
1.00" 
‘0.250 Rod 
0750" Drill- Ream 0.500" 
Levee” 


analyses of these materials are listed 
in Table I. 


Specimen Preparation: 


The sheet stock used for the speci- 
mens was hot forged and rolled at 1400 F 
(760 C) from 4-in. arc-melted ingots and 
then cold rolled 10 per cent to 0.06 in. 
Specimen blanks were milled to 0.040 
in. by removal of equal amounts of 
material from both sides. Sheet speci- 
mens having the nominal dimensions 
shown in Fig. 1 were machined after the 
end tabs were spot welded to the milled 


Fic. 1.—Tensile Creep Specimen. 


Equipment: 

Creep tests were run in spring-loaded 
autographic creep-rupture machines (5) 
and lever-arm machines. The latter 
machines, Fig. 2, have a 5 to 1 lever 
arm which is counterbalanced to permit 
the application of very low loads. The 
extensometer used in the lever-arm 
machines is shown to the right in Fig. 3. 
Since the specimen shoulders and grips 
are small, an extensometer for round 
specimens (5) was adapted for flat 
specimens. The details of the extensom- 
eter clamps can be seen to the left 
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in Fig. 3. The effect of bending is mini- 
mized by the gimbal action of the two- 
piece clamp. The clamps can be attached 
either to the gage length or to the 
shoulders. In the tests reported below 
the extensometer was attached to the 
shoulders, since many of the specimens 


were carried to rupture. An effective 
gage length was determined to calculate 
the strains. 


Test RESULTS 


Effect of State of Anneal on Creep of 
Zirconium at 500 F: 


The creep properties in this section 


are reported for three levels of annealing 


as evaluated quantitatively by their 


Fic. 2.—Lever-Arm Creep Machines, 5 to 1 Lever Ratio. 


resultant hardness. Measurement of 
hardness has been shown to be an effec- 
tive measure of the state of anneal of 
zirconium (1). The three annealing 
treatments used are described below: 

Anneal No. 1.—Specimens from ingot 
F129 were annealed at 1110 F (600 C) 


for } hr in a vacuum of less than 0.03y 
followed by a furnace cool. Comparison 
of the results of the three annealing 
treatments used showed that these 
specimens had the highest hardness, 
92.5 + 2.5 diamond pyramid hardness 
(DPH), and a grain size of 0.019 mm 
diameter (ASTM Nos. 8-9). 

Anneal No. 2.—Certain specimens 
from ingot F544 were slowly heated to 
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1290 F (700 C), held for 1 hr in vacuum 
as above, and then furnace cooled. 
The resulting hardness was lower, 88 + 
4.6 DPH, and the grain size was larger, 
0.05 mm diameter (ASTM No. 6). 


Fic. 3.—-High-Temperature Creep Extensometer. 


Anneal No. 3.—Subsequent to the 
work of McGeary and Lustman (1) other 
specimens of ingot F544 were annealed 
for 20 hr in vacuum at 1380 F (750 C). 
The resulting specimens had a hardness 
of 73 + 1.7 DPH and a grain size of 


0.05 mm diameter (ASTM No. 6). | 
This is the same grain size as that — 
obtained in anneal No. 2. . 
Anneal No. 1 is the anneal given the ~ 
material reported in reference (3) and 


is similar to that reported in reference 
(4). The creep data of reference (4) are 
similar to those in reference (3). 

The steady state creep rates at 500 F 
(260 C) of unalloyed zirconium speci- 
mens with anneals Nos. 1 and 2 are 
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listed in Table II. The creep data for 
the “fully annealed” specimens, anneal 
No. 3, are listed in Table III. For a 
comparison of the effects of these an- 


_ §00 F (260 C) are plotted in Fig. 4. The 
upper curve for specimens with the 
_ highest hardness, anneal No. 1, shows a 
uniform change in creep rate with 


TABLE IIL—MINIMUM CREEP RATE 
OF eV ZIRCONIUM AT 500 F 
(260 C). 


Grain |Hard- 
7 Stress, Creep Rate 
psi") perhr | | 


_ Anneal No. 1—1110 F (600 C)—}4 hr—Furnace 
Cooled 


 ‘F129—34L [11 000 


5.8 X 107 |0.018) 89 
16L |13 000} 6.4 X 10 /|0.019) 93 
16 000} 4.3 x 10 
22L 000} 1.5 X |0.017| 90 
16 1.8 X 10 
41L /|17 4.7 X |0.017| 90 
_Anneal No. 2—1290 F (700 C)—1 hr—Furnace 
Cooled? 
-F544—24 10 000) 2.5 X 107 |0.06 | 84 
12 12 800} 2.8 X 107? |0.05 | 83 
15 13 900) 2.24 X 107 |0.06 | 83 
18 14 000} 3.5 xX |0.05 | 87 
5 14 000) 3.7 X 10-5 |0.045) 86 
1 15 600} 9.8 X 10 |0.045) 88 
3 17 100 1 ” 92 
Short-time tension test. 


’ The wide variation in creep rates at nearly 
the same stress (14,000 psi) is a consequence of 
; the states of anneal resulting from different 
» rates of heating to 1290 F. 
Not determined. 


change in stress which is closely approxi- 
mated by a straight line on the semi- 
logarithmic plot. An increase in stress 


4 2000 psi is required to increase the 

__ ereep rate by a factor of 10. The cross- 
hatched region covers the range of data 

_ obtained from specimens given anneal 
No. 2. For fully annealed material, 
anneal No. 3, an increase in stress of 
approximately 70 psi will increase the 

7 creep rate by a factor of 10. The creep 
strength for a rate of 10-° per hr in- 
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creases in the same order as that of the 
hardness which results from the various 
annealing treatments as shown in 
Table IV. Thus, it is important to anneal 
zirconium in order to obtain reproducible 
and meaningful creep data. The re- 
mainder of the experiments described 
were performed on specimens of ingot 
F544 fully annealed, anneal No. 3. 


Creep Properties of “Fully-Annealed” 
Zirconium at 500, 600, and 750 F 
(260, 315, and 400 C): 


Typical creep curves for zirconium 
are given in Figs. 5, 6, and 7. At 500 F 
(260 C) and a stress of 11,000 psi, Fig. 5, 
the plastic strain on loading is 9.13 
per cent. The first stage creep is small 
in comparison to the loading strain. This 
test was terminated in the second 
stage after 4401 hr. At 600 F (315 C) 
and a stress of 8000 psi, Fig. 6, the 
plastic strain on loading is 2 per cent 
and the creep curve is similar to that at 
500 F. This test was stopped in the 
second stage after 4000 hr. At 750 F 
(400 C) and a stress of 6000 psi, Fig. 7, 
the strain on loading is 0.46 per cent. 
The first stage creep is now larger in 
comparison to the loading strain and all 
three stages of creep are evident. The 
test was stopped in the third stage of 
creep at 1697 hr at which time the 
strain was over 32 per cent. 

The data for all the tests are given in 
Table III. The recorded plastic strains 
include the plastic strain which occurred 
on loading. The strain-intercept, €, is 
the intercept on the strain axis at zero 
time of a tangent to the creep curve at 
the minimum creep rate. The rate of 
creep, é,.is given in inches per inch per 
hour or, more simply, per hour. The 
strain and time at the transition point* 
and at rupture are tabulated. Hardness 


* Transition from second and third stages 
of creep where creep rate has increased 10 per 
cent over the minimum rate. 
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TABLE III.—CREEP OF ZIRCONIUM (F544) ANNEALED AT 1380 F (750 C) FOR 20 HR 
AND FURNACE COOLED (ANNEAL NO. 3). 


Stress, psi ‘ater. Transition Point Rupture 
Speci | cep reep Rate, ° = 
Nominal* |“True”®) | PerBr | ‘Time, | Strain, | Time, | Strain, | | 
br per cent hr percent | cont 
500 F 
No. 36.. 8 500 8 710) 2.5 |21249 2.504 
No. 28....|10 000 |10 820) 8.16]/1.8 1077 |39507 8.23: 
No. 44..../10 750 |12 300/14.5 |4 X 107 |36629 15.0¢ ona 172.5 
No. 60..../11 000 {12 200]/10.6 |4.1 xX 1077 |44019 10.7849 
No. 33....}11 000 100)10.06/3 x ASE 
No. 33... 000° sce | 11.4749) ... ‘ini 
No. 27....|11 250 |14 350/24.6 |4.05 x 107° 18.8 | 32.4 24.1 | 46.6 53 .6/72 
No. 500 |14 800/26.6 |6.3 x 60 30.6 85 39.0 42.571 
No. 29....|12 000 |15 300/24.25/2.2 x 10? 29.3 6 51.5 29.4/75 
No. 31....]13 120 |16 300/24.4 /2.1 x 107° 0.33) 34.4 1 55.2 53.7|76 
No. 26..../14 000% |18 100 1 we 
600 F 
No. 48....}| 8 000 8 180} 2.2015.6 x 107-7 [40007 2.43¢ 
No. 45....] 9 070 9 820} 8.2316.3 107 |3800 8.47 |5181¢ ... 170 
No. 62. 10 000 {11 270)12.73]1.1 1075 |1100 6.4 26559 15.85¢ 9 ... 173.5 
No. 61....]10 500 [13 040/23.5 x 81 25.2 99 36.6 48.2174 
No. 46....]11 040 450]27.0 19.3 x 107 0.7 | 33.1 1. 54.6 57.31/72 
No. 34. 12 500% |15 800} ... 1 . 175.5 
750 F 
No. 4 000 4 060] 1.04/4.1 |1817¢ 1.76° ose 
No. 47....]| 6 000 6 690] 3.3 |1.4 |1060 19.6 16972 ... 175 
No. 30....] 7 500 8 080} 4.35]3.45 x 1074 | 445 18.8 937 67.1 61 {73 
No. 58....] 8 750 |10 050] 6.0 |6.05 x 107% 16 15.3 46 47.8 36.6)73 
No. 49, 52../11 040% |13 000] ... 1 
* Load per original area. 4 Test stopped. 


¢Test moved from spring-loaded to lever- 


arm creep machine at 1200 hr. 


rogress. 
J Short time tension test. 


? Test interrupted or disturbed. 


18000 
17000 
16000 
15000 
14000 Wy 4 
11000 = 
Anneal | 
10000 2 
9000 @Anneal 3 
+0 kio~® 
8000 


Strain Rate (€), in. per in. per hr 
Fic. 4.—Nominal Stress versus Minimum Creep Rate of Zirconium at 500 F. 
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TABLE IV.—CREEP STRENGTH OF 
UNALLOYED ZIRCONIUM AT 500 F 
(260 C) AND A CREEP RATE OF 107% 
PER HR. 


F129 (Anneal 
|? 92.5 = 2.5) 13 500 = 200 
F544 (Anneal 
_ xe 88 + 4.6) 12 000 to 14 000 
F544 (Anneal 
73 11 000 = 200 


measurements were made with a Vickers 
machine using a 20-kg load applied for 
15 sec. 

The log of the minimum creep rates 
versus the nominal stress, ¢, (load 
divided by original area), at 500, 600, 
and 750 F (260, 315, and 400 C) are 
plotted in Fig. 8. These curves are not 
linear, having lower slopes at inter- 
mediate stresses than at either low or 
high stresses. The stress at the maximum 


load of a tension test for a head rate 
giving a strain rate of 1 per hour is 
included in Fig. 8 for each curve. 
Because of the large plastic strain on 
loading, the creep test starts at a much 
higher stress than that calculated from 
the original cross-sectional area. There- 
fore, in determining the relation between 
stress and creep rate, it is necessary to 
correct for the initial extension. When 
the true stress‘ is used, the curves of 
Fig. 8 have a different form as shown 
in Fig. 9. Here the slope of the true stress 
curve decreases slightly with increasing 
creep rate over the range investigated. 
To illustrate the magnitude of the 
creep strain relative to the loading 
strain, the nominal stress is plotted as a 


‘The true stress used in this report will be 
defined as ¢ = o (1 + «) since the intercept 
strain, & is nearly equal to the strain at the 
beginning of the second stage or minimum creep 
ater for temperatures below 750 F (400 C). 


Fic. 6.—Creep Curve for F544 - 48, Temperature 600 F, Stress 8000 psi. 
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a! Fic. 5.—Creep Curve for F544 - 60, Temperature 500 F, Stress 11,000 psi. 
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To Rupture 

End of Extensometer. 
Screw 

Transition Point 


1340 Hours 
244 percent 


Plastic Strain, per cent 


wa 


200 400 600 800 1000 1200 1400 1600 1800 
Time, br 


Fic. 7.—Creep Curve for F544 - 47, Temperature 750 F, Stress 6000 psi. 


> From Creep Tests 


e 48 From Short Time __ 
| Tension Tests 


4000 - - 
10 io io > io io! 


Strain Rate, in. per in.per hr 


Fic. 8.—Nominal Stress versus Minimum Creep Rate of Zirconium. 
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1058 
function of the strain for a given time 


in Figs. 10, 11, and 12 for 500, 600, 
750 F (260, 315, and 400 C) respectively. 
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for at least 1000-hr design at the lower 


stresses. However, at 750 F (400 C), 
Fig. 12, creep plays a major réle and 


o 4c From Creep Tests 
48 From Short Time 


Tension Tests 
T= Temp, degrees Rankine 


Strain Rate, in. per in per hr 


Fic. 9.—True Stress versus Minimum Creep Rate of Zirconium. 


The times chosen are zero (loading 
curve) and 1000 hr. At 750 F (400 C) a 
curve for 100 hr is also included. At 
500 or 600 F the plastic strain on loading 
is so large compared to the creep strain 
that the loading curve or short-time 
4 tensile stress-strain curve can be used 


"y 13000 T T T T T T 
12000 xi 
11000 _— 
42/000 hr 
& 9000 
x 
t=O (Loading Curve) 
°F544-37 
t= 1000hr 
4000g— F544-28, 33,36,44,60 — 
3000 | | | 
024 6 8 W 2 4 6 I8 2 22 24 26 
= Plastic Strain, per cent 


. Fis. 10.—Stress versus Strain of Zirconium at 500 F for Specific Times. 


the creep strength must be considered 
in any machine design. 

DISCUSSION OF RESULTS 
Strain: 


According to McVetty (6) a general 
expression for the strain, «, up to the 


| 
a 
18000 
— 
14000 = 
6000 
| 
io” 
| 
| 
? 
a | 


transition point is given by 


where the intercept strain, ¢€, is the 
strain on loading combined with the 


4 


strain in the first stage of creep and 
evaluated as the intercept on the strain 
axis at zero time of a creep curve. The 
strain resulting from the second stage 
of creep is expressed by the product of 
the minimum creep rate, é¢, and the 
time, ¢, at constant load (see Figs. 5, 6, 


and 7). 
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The relation between the nominal 
stress, o, and the strain intercept, eo, 
at 500, 600, and 750 F (260, 315, and | 
400 C) is shown in Fig. 13. The log of 
the stress is plotted as a function of the __ 


| 


t= 1000hr 
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Stress, psi 
@ 
° 
8 8 


t= O(Loading Curve) 


F544-46 
F544-61 


5000 kk 
4000 


t=1000 hr 


F544-48, 45,62 


3000 


or? 
ne 


Fic. 11.—Stress versus Strain of Zirconium at 600 F for Specific Times. 
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11000 T 
10000;—- 


9000 
8000;- 


ae. 


t=10Ohr 


67% 


7000 
6000 


Stress, psi 


t=/000hr 
_ 


5000 


| t=O(Loading Curves) 
4000 544-57 


t=1000 he 
544-58 


F544-70,47,307] 


| F544-70, 47,30 


30005-5346 8 10 14 16 18 20 22 24 26 28 


Fic. 12.—Stress versus Strain of Zirconium at 750 F for Specific Times. 


Plastic Strain, per cent 


log of the intercept strain. At low stresses 
and temperatures, the first stage creep 
is small in comparison to the strain on 
loading so that the loading strain can 
be used to extrapolate the curve (see 
Figs. 10 and 11). In Fig. 13 it can be 
seen that at 500 or 600 F (260 or 315 C) 
the curve is a straight line through 
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d 
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2000 
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both the intercept and loading strains. 
_ At 750 F (400 C), however, the intercept 


strain at lower stresses is much larger 


_ than the loading strain and the points 


lie to the right of the straight line. Thus, 


at low stress and high temperature the 


loading strain cannot be used in place of 
the intercept strain. 


Creep Strength: 


The creep strength is the nominal 


_ stress for a given rate of flow. This 
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strength expressed in terms of true 
stress, Fig. 15, produces somewhat 
similar curves. 


Rupture Strength: 


For many materials the rupture 
strength is used as a criterion for high- 
temperature strength. The rupture 
strength curves for 100, 1000, and 5000 
hr as a function of temperature, Fig. 16, 
are very similar to the creep strength 
curves, Fig. 14. The rupture strength 


4.2 aFrom Creep Curve” 
4.) From Loading Curve 
_ x From Short Time Tensile So 
40 
\ — 
40/38 
500F 
39|37 
38/36 


4.0)3.7 
-600F 
H 3.83.5 
3 
37 — 
—“750F 
1073 107! 
Strain intercept, in. perin. 
Fic. 13.—Stress versus Intercept (€,) of Zirconium. 


_ strength as a function of the temperature 


is plotted in Fig. 14 for three rates of 
strain: 10-*, and 10~* per hr. The 


tensile strength (strain rate about 1 


per hr) is given for comparison. The 


creep strength of zirconium drops almost 
linearly with temperature in this range, 
up to at least 600 F (315 C). At some 
temperature between 600 and 750 F 
the strength begins to drop more rapidly 
at the lower strain rates. The creep 
strength at a rate of 10-* per hr is 
frequently taken as a design criterion in 
high-temperature work. The creep 


= 


for 5000 hr is practically the same as the 
creep strength for a rate of 10-® per hr 
in this temperature range. Therefore, for 
service lives up to 5000 hr the creep 
strength at 10-* per hr can be used for 
a design criterion, provided that the 
resulting strain (Eq 1) is allowable. 


ANALYSIS OF RESULTS 


Equation 1 is evaluated term by term 
in the following discussion. 


Intercept Strain: 


In Fig. 13 the intercept strain, ¢€o, is 
shown to be a function of the stress, ¢, 
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and can be expressed as deteniahs 


o\™ 


where m is a constant independent of 
temperature in the range from 500 to 
750 F (260 to 400 C) for strains greater 
than 0.03 at 750 F, oo is equal to 1 psi 
and L is a function of the temperature. 
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Creep Strain: 


If the data in Fig. 9 are replotted using — 
the square of the true stress, 6 = o? 
(1 + ¢€0)*, as a function of the strain 
rate, é, the curves in Fig. 18 are obtained. 
These curves suggest a theory for the 
rate of flow of zirconium similar to the 
reaction rate theories of Eyring, ef al. 
(7) and Kauzmann (8). 


250 | 
a 
o 200 T 
= 600 F 
3 AT 
a 
® 100 750 F 
50 From Creep Tests 
as From Short Time 
Is Tension Tests 
re) | 
a Strain Rate, in. per in. per hr 


Fic. 18.—Square of True Stress versus Minimum Creep Rate (Experimental Points and 
Empirical Curves). 


L is evaluated by plotting the log of the 
strain intercept, ¢9, at a given stress as 
a function of the reciprocal of the abso- 
lute temperature, 7, in degrees Rankine, 
°R. The resultant straight lines, Fig. 17, 
are practically parallel and allow L to 
be expressed in the following form: 


where A and B are constants. 
Equation 2 can, therefore, be written 


= 


For these data, as plotted in Figs. 13 
and 17, log A = —23, B = 6.23 X 
10* °R, oo = 1 psi, and m = 6.17. 


If it is assumed that the strain, ¢, is 
a result of shearing motion which occurs 
in jumps of flow units, the size of which 
is not specified, then the strain rate is 
expressed as 


where N is the number of jumps per 
unit of time and G’ isa constant involving 
the geometry and orientation of the flow 
units. Let it be also assumed that an 
energy barrier exists to inhibit these 
jumps so that the flow units must be 
activated. According to the Boltzmann 
relation 


a- 2 
= « 
= G’'N.. : 


where E is the activation energy required 
for the flow units, T is the absolute 
temperature, and & is a constant for 
the temperature range involved. Finally, 
the assumption is made that the energy 
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This equation follows the hyperbolic 
sine law similar to that suggested by A. 
Nadai (9). Since AF 4H TAS 
where AH is the heat of reaction and 
AS is the change in entropy, for large ’ 


N 


Log Strain Rate 


750F 
600F 
500F 


&=/2000 
=//000 psi. 
& = 9000 


Oo 2 4 


Fic. 19.—Strain Rate versus 2 


barrier is lowered in the direction of an 
applied shearing stress by an amount 
proportional to the elastic energy (elastic 
energy per unit of volume is propor- 
tional to 6*), while the barrier in the 
opposite direction is raised by an equal 
amount. Let the difference in the free 
energy of the unit of flow in the normal 
and activated states be AF, then in the 
direction of stress 


© 


= AF — ca? 
and in the opposite direction a 
= AF + co? 
then = 
(7) 


= sinh 


x104, I/deg Rankine 


at Constant True Stress (from Fig. 17). 


6 8 10 


N 2. 6 
160 &*=706.2X10°-23.16X, 
10°XT (19.2-Log é) 
© 120 N 


N 


80 
le SOOF 
40 600F \ 
2750F 
20 22 24 26 28 30 


T(19.2-Log é) X 1073 


Fic. 20.—Square of True Stress versus Eq 9 
Parameter. 
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= 


values of & (therefore ¢ need not be 
large) Eq 7 reduces to 

where R is the universal gas constant. 

From the curves in Fig. 18, values of 
creep rate, é, can be determined for 
given values of constant temperature 
and constant stress. In Fig. 19 the log 
of these creep rates is plotted as a 
function of the reciprocal of absolute 
temperature. 

The straight lines drawn through these 
data can be made to pass through a 
common point at infinite temperature, 
; = 0. This type of behavior has also 
been found for high-temperature alloys 
(10). From Fig. 19, therefore, Ge“*/* can 
be evaluated and can be shown to be a 
constant independent of temperature 
in this range. Equation 8 can now be 


written as 

2.3T (log — log (9) 
Cs 


In Fig. 20, 6 is plotted as a function of 
the parameter, T (log Ge“®/® — log é). 
The data for all the creep tests distribute 
themselves about the same straight line. 
This indicates that AH is a constant and 
not a function of the stress. Thus the 
final equation for the strain rate can 
be written as a function of stress and 
temperature. 


e= Cie sinh (10) 


This equation was used to draw the 
curves in Fig. 9. The data for the con- 
stant strain rate tests also fall reason- 
ably close to this curve. 

Equation 1 can now be written 


BIT gm 


—BIT m 
o°(1 + Ae a1) 


sinh GF 


ON CREEP PROPERTIES OF ZIRCONIUM 


1065 
where 
B=623X10°R, 
m = 6.17, 
= per hr, & 
AH ‘ 
C: = — = 70,130 °R, 


Cs = 10,070 psi* per °R, 

T = temperature in degrees Rankine 
(°R) and, 

¢ = time in hours. 


_ 
expressing the total strain of the fully 
annealed, unalloyed, arc-melted ir- 
conium as a function of nominal stress, 
temperature, and time. 

One feature of the above relationships 
is that it may be possible to learn 
something about the fundamental 
mechanism and the size of the units of 
flow. This unit may be one atom or a 
group of atoms located within a grain 
or subgrain, or in the boundaries thereof, 
or may be the grains or subgrains them- 
selves. From a study of the annealing 
process of unalloyed zirconium (1) 
and the above analysis of plastic flow it 
is suggested that the flow of zirconium 
is accomplished by fragmentation of the 
grains into a subgrain structure and by 
the relative motion at the boundaries of 
subgrains. No data are available on the 
activation energy for atomic mobility 
in zirconium. However, the value of 
activation energy calculated from C2 in 
the above equations is 77,400 cal per 
mole and is of the correct order of 
magnitude for such a process. This 
value agrees very well with that pre- 
dicted by Orr, Sherby, and Dorn (11). 

The fact that the constant strain rate 
or short-time tension test data conform 
to Eq 10 indicates that the plastic flow 
with increasing load occurs by a mech- 


nism similar to that at constant load. 


< 
: 
‘ 
‘ 


_ The above test data and its analysis 
can be summarized in the following 
conclusions. 

1. The creep strength of unalloyed 
_ zirconium depends on the state of anneal 
and increases with increasing hardness. 
2. Because of the large plastic strain 


. G15 C) is small and can in most cases 

be neglected. Above 600 F, however, 
creep strength must be considered in 
design. 

3. The creep strength drops almost 
linearly with temperature between 500 
and 600 F (260 and 315 C) but begins 
to drop much more rapidly at some tem- 
perature above 600 F. 

_ 4, The rupture strength for 5000 hr 
_ is a similar function of the temperature 
and is the same as the creep strength for 
a rate of 10~ per hr. This creep strength, 
therefore, can be used up to 750 F 
- (400 C) for design purposes below a 
life of 5000 hr. 
_ §. A general equation for the strain, 
§ of unalloyed zirconium at constant 
load can be expressed up to the transi- 
point in the form = + 
where is the strain intercept, é the 
creep rate, and ¢ the time. ts 
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CONCLUSIONS 6. The strain intercept, ¢o, is a function 


of the stress and temperature. Up to 
750 F (400 C) and above 7000 psi it 
follows the relationship = Ae~®/T 
where A, B, and m are constants, T 
the absolute temperature, and o the 
nominal stress. 

7. The flow mechanism of zirconium 
at constant load follows a rate process 
in which the creep rate can be expressed 
as: 


sin ar 


where C;, C2, and C; are constants and 
& is the true stress, defined as 


= Cie 


Soll + 


8. The activation energy for the rate 
process as calculated from this creep 
rate relationship is 77,400 cal per mole. 
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TENSILE AND CREEP PROPERTIES AT ELEVATED TEMPERATURES 


OF SOME MAGNESIUM-BASE WROUGHT ALLOYS* ve 
By H. BAKeEr! 
SYNOPSIS 


This paper makes available to the designer properties of commercial mag- 
nesium-base wrought alloys at elevated temperatures. The following alloys* 
are discussed: 

Extruded AZ31B-F, AZ61A-F, and M1A-F; 
Rolled sheet AZ31A-O, AZ31A-H24, M1A-O, and M1A-H24. 

Ofthethree extrusion alloys, AZ61A-F has the highest tensile properties up to 
about 400 to 500 F. Of the four sheet alloys, AZ31A-H24 has thehighesttensile _ 
properties up to about 200 to 300 F, above which M1A-H24 has the highest _ 
tensile properties. Generally, except for specific ranges of extension, time, and 
temperature, M1A alloy has the highest creep properties. Before the best 
material for a part may be selected, the operating conditions of that part must 
_ be known. 


Pa 


In 1946, Moore and McDonald* pre- __sium-base wrought alloys. A companion 
sented data on magnesium forgings, ex- paper® presents similar data for magne- 
trusions, and sheet. McDonald‘ presented _sium-base sand-casting alloys. 
further data on magnesium forgings in The alloys under investigation are 
1948. The purpose of this paper is to listed in Table I. The material for this 
make available additional elevated-tem- investigation was taken from commercial 
perature data on commercial magne- stock. The methods of tension and creep 


testing have been discussed in detail in a 
* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. previous publication. 
1 Research and Development Engineer, Met- E T 
allurgical Laboratories, The Dow Chemical Co, EFFECT OF TEMPERATURE ON TENSILE 


Midland, Mich. PROPERTIES 
2 Tentative Specifications for Magnesium- 
Base Alloy Bars, Rods, and Shapes (B 107 - The effect of testing temperature on 


53T) (for extruded alloys), and Tentative 
Specifications for Magnesium-Base Alloy Sheet the tensile properties of the seven 


(B90-51T) (for rolled sheet alloys), 1953 Wrought magnesium alloys is shown in 

Figs. 1 and 2. Of the three extrusion al- 

2, p. 134, an tandards, 

loys tested, AZ61A-F has the highest 
3A. A. Moore and J.C. McDonald, “Tensile room-temperature properties. These 

properties do not fall off appreciably un- 
loys at Eleva emperature,”’ Proceedings, 

‘Am, Soc. Testing Mats., Vol. 46, p. 970 (1946). til above 200 F. The strength-tempera- 
4J. C. McDonald, “Tensile, Creep, and ———— 

Fatigue Properties at Elevated Temperatures of 5 K. E. Nelson, “Tensile and Creep Properties 

Some Magnesium-Base Alloys,”’ Proceedings, at Elevated Temperatures of Some Magnesium- 

Am. Soc. Testing Mats., Vol. 48, p. 737 (1948). Base Sand-Casting Alloys,” this volume, p. 1081. 
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ture relationship of AZ31B-F is similar, H24 has the highest tensile yield 
though not quite so high. The strength strength, and above 300 F it also has the 
of M1A-F falls off rapidly above room highest tensile strength and compressive 
temperature, but it decreases at a lower yield strength. 
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Me Lae Fic. 1.—Effect of Temperature on Static Strength of Magnesium Alloy Extrusions. 


rate at higher temperatures and has CREEP TESTS 
about the same strength as AZ61A-F and Total - 
AZ31B-F around 400 to 500 F. otal extension was used to compare 


Of the four sheet alloys tested, AZ31A- the creep characteristics of the various 
H24 has the highest room-temperature alloys. Total extension represents the ex- 
properties. At 200 F and above, M1A- tension that takes place at the test tem- 
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perature from the condition of zero load. 
This includes both elastic and plastic 
extension obtained during loading, as 
well as the subsequent creep, but it does 
not include extension due to the heating 
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extrusion alloys in the range of times 
tested, M1A-F shows the least variation 
of stress with time. The other two alloys 
have a greater variation of stress with 
time, with AZ61A-F always showing 
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Fic. 2.—Effect of Temperature on Static Strength of Magnesium Alloy Sheet. 


of the specimen to the test temperature. 
In Figs. 3 through 9 the stresses neces- 
sary to produce 0.1, 0.2, 0,5, and 1.0 per 
cent total extension are plotted for vari- 
ous times and temperatures. 

The various alloys may be compared 
in creep, from the graphs of stress versus 
time for a given total extension and 
temperature (Figs. 3 to 9). Of the three 


higher values than AZ31B-F. Of the four 
sheet alloys, M1A-O shows the least 
variation with time. The variations of the 
other three alloys are greater and gen- 
erally comparable to each other. The 
different shapes of these curves render 
any generalized creep-strength compari 


son very difficult. mal | 
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cent Total Extension 
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_ Fic. 7.—Stress for Various Total Extensions of AZ31A-H24 Magnesium Alloy Sheet. 
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DISCUSSION 


Before the best material for a part 
may be selected, the operating conditions 
of that part must be known. These condi- 


(a) M1A-F, AZ61A-F, AZ31B-F extru- 
sions. 


A general comparison of the creep 
strength of the several alloys can be 
found in Fig. 10. If, for instance, a de- 
signer concluded that the requirements 


(b) M1A-O, M1A-H24, AZ31A-O, AZ31- 
A-H24 sheet. 
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(c) M1A-F, AZ61A-F, AZ31B-F extru- 
sions. 


Fic. 10.—Comparison of Creep Strength of Some Magnesium-Base Wrought Alloys. 


tions are the time and temperature of 
operation, the allowable deformation, 
and the magnitude of the load the part 
must carry. If these conditions are 
known, the data in this paper should aid 
the design engineer in choosing an alloy 
for the part. 


(d) M1A-O, M1A-H24, AZ31A-O, AZ- 
31A-H24 sheet. 


of a certain extruded part were that it 
should have no more than 0.2 per cent 
total extension in 10 hr at 200 F, then 
from Fig. 10 he would see that, of the 
three extrusion alloys reported, M1A-F 
would have the highest allowable stress. 
Figure 5 shows the stress for those condi- 
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tions to be about 12,000 psi. If the re- 
quirements for the extruded part were 
that it should have no more than 1.0 per 
cent total extension in 10 hr at 200F, 
AZ61A-F would have the highest allow- 
able stress—about 22,000 psi. The com- 
parable stress for M1A-F with the same 
requirements of time, total extension, 
and temperature would be only about 
17,500 psi. This points up the importance. 
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of knowing the operating conditions be- 
fore selecting the material. 

It should be recognized that the graphs 
in this paper were prepared from data ob- 
tained from a few batches of metal, and 
that other batches will doubtless yield . 
results slightly at variance with these. 
However, the graphs herein presented do 
represent results averaged from commer- 
cially acceptable material. 
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TENSILE AND CREEP PROPERTIES AT ELEVATED TEMPERATURES 


the operating conditions of the part. 


Considerable information has been 
published on the properties of magne- 
sium sand-casting alloys at elevated 
temperatures. A rather complete list of 
references has been given in an earlier 
paper (1).2 McDonald presented a paper 
in 1948 (2) before this Society on the 
elevated-temperature properties of mag- 
nesium alloys currently in use at that 
time. The purpose of the work described 
in this paper is to furnish data on mag- 
nesium sand-casting alloys developed 
since the writing of the foregoing paper, 
including the magnesium-zinc-zirconium, 
magnesium - rare earth metal - zirconi- 
um, and the newest class of elevated-tem- 
perature magnesium alloys, the mag- 
nesium-thorium-zirconium type. For 
comparative purposes, a representative 
magnesium-aluminum-zinc alloy is in- 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Research and Development Engineer, Cast- 
ing Section, Metallurgical Laboratories, The 
Dow Chemical Co., Midland, Mich. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1097. 


a OF SOME MAGNESIUM-BASE SAND-CASTING ALLOYS* 
By K. E. NEtson! 


SYNOPSIS 


The tensile properties of several magnesium sand-casting alloys are com- 
pared at room temperature and at elevated temperatures as a function of 
time of exposure at elevated temperatures. Results of creep tests for various 
times, temperatures, and amounts of extensions up to 1 per cent are also pre- 
sented. These data are presented in such a manner that the design engineer 
may choose the composition for a part, assuming that he has some indication of 


7 


cluded. An attempt has been made to 
present the data in such a manner as to 
be useful to the design engineer. 

The alloys under investigation are 
listed in Table I with the chemical com- 
position, heat treatment, and specified 
minimum room-temperature tensile 
properties currently used by The Dow 
Chemical Co. These compositions and 
minimum values are covered in ASTM 
Specification B 80 - 53 T* in the case of 
the first six alloys listed. The two 
thorium-containing alloys are not cov- 
ered by any major specification writing 
agency. 

A recent publication (3) indicates that 
there are three classes of magnesium sand- 
casting alloys currently being produced 
for use in applications such as jet 
engines. These three classes are: (1) 
magnesium-aluminum-zinc, (2) magne- 
sium - rare earth metal - zirconium, and 
(3) magnesium-thorium-zirconium. In a 


Tentative Specifications for Magnesium- 
Base Alloy Sand Castings (B 80-53 T), 1953 
Supplement to Book of ASTM Standards, Part 
2, p. 129. 
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¢TS = tensile strength, psi. YS = yield strength, 0.2 per cent offset, psi. Elong. = elongation in 2 in., per cent. 


discussion by Nelson of a paper by 
Ball, e¢ al. (4), these classes are briefly 
compared. Another system of alloys that 
has received increased interest in the 
United States (5, 6), Canada (7, 8), and 
England (9, 10) contains magnesium- 


NELSON ON TENSION AND CREEP OF MAGNESIUM ALLOYS 1083 


36 000 
28 000 -—- £ 4 
20 000 400F 
4 
a 
3 
© 12 000 
20F 
Yield Strength 
{ 
15 000 


ad 
100 1000 


Exposed at 200F 
5 ———Exposed at 300F 
——— Exposed at 400F Tested of 


7OF 
. 200F 4 
Tensile Strength 7OF- 


10 


Exposure Time, hr 


In order to evaluate properly the 
various alloys, tests were made to obtain 
the room-temperature and elevated- 
temperature tensile properties as a func- 
tion of time of exposure at elevated tem- 
peratures. Creep data were obtained 


pir 


Fic. 1.—Effect of Exposure at Elevated Temperatures on the Tensile Properties at 70, 200, 300 
and 400 F of AZ92A-T6 Alloy. Separately cast test bars. 


zinc-zirconium. In Canada, the composi- 
tion preference appears to be ZK61A-T6, 
whereas in the United States and in 
England, the preference is for ZK51A-T5 
or, using English terminology, Z5Z, and 


would be expected to be used at similar peratures. 


operating temperatures. The alloys desig- 
nated EZ33A-T5 and HZ32XA-T5 are 
the same as the English alloys designated 


ZRE1 and ZT1, respectively. = 


after testing for various times, tempera- 
tures, and amounts of extension up to 
1 per cent. Creep tests of 100 hr were 
made after exposures without applied 
stress for various times at elevated tem- 


A companion paper (11) compares 
properties of magnesium-base sheet and 
extrusion alloys in a manner similar to 
that presented inthis paper, = 


he 
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PROCEDURE 


Methods used to produce the alloys 
evaluated have been thoroughly de- 
scribed in earlier publications and need 
no further description (12-16). Standard 
separately cast test bars with }-in. di- 
ameter reduced sections were poured, 
using molds made of regular magnesium 
foundry sand. The heat treatments and 
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EFFECT OF EXPOSURE AT ELEVATED 


TEMPERATURES ON TENSILE 
PROPERTIES 


The effect of testing temperature on 
the tensile properties of the sand-cast 
magnesium alloys under investigation is 
shown in Table II. 

The effect of exposure is presented in 
Figs. 1 to 4. 


test bars. 


exposure treatments were done in elec- 
trically heated laboratory furnaces con- 
trolled to +5 F. Sulfur dioxide gas was 
introduced into the solution-heat-treat- 
ment furnace in the usual manner to 
prevent any reaction between the 
atmosphere and metal. 

Methods of tension and creep testing 
have been discussed in detail in previous 
publications (17, 18). 


4 O-No Exposure 
36000} @-Exposed 1000 Hours at Indicated Temperature+ 
‘ When only shaded area shown, both the same . 
A Left hand bar-YS Right hand bor-TS 
24000 + A 
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4 
Fic. 2.—Effect of Exposure at Elevated Temperatures on the 70-F Tensile Properties of Mag- 
nesium-Rare Earth Metal-Zirconium and Magnesium-Thorium-Zirconium Alloys. Separately cast 


The properties of AZ92A-T6 decrease 
somewhat with exposure temperature. At 
400 F after 1000-hr exposure, they are 
comparable to EK30A and HZ32XA 
alloys tested after the same exposure. 
It is evident from the results that the 
presence of zinc in both the magnesium - 
rare earth metal- zirconium and the 
magnesium-thorium-zirconium alloys 
greatly improves their strength stability 
at elevated temperatures. 
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Fic. 3.—Effect of Exposure at Elevated Temperatures on the Tensile Properties at 400, 500, and 
600 F of EK30A-T6 and EZ33A-TS5 Alloys. Separately cast test bars. 
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1000-HR CREEP TESTS 


Total extension was considered the 


most significant parameter for design 


purposes in comparing creep charac- 
teristics among the various alloys. Total 


28000 
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1000 hr of testing at various tempera- 

tures. The 0-hr points were derived from 

the autographic stress-strain curves ob- 

tained with the short-time tension tests. 
The following tests were made: 


q 
a Exposed ot 400F, Tested at 400F 
75 -HKSIXA ff 
16000 F~ ~ 
YS-HK3IXA-T6 
12000 
24 
TS-HKIZIXA-TE 
22000 F- 
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= 
= 
10000 YS-HZ3EXA-TS _ 
Exposed at GOOF, 
15000 Tested ot GOOF" “ 
TS-HK3ZIXA-TE 
YS-HK3IXA-T6 
10000. 
+ 
5000 
° ' 10 100 1000 


Exposure Time, hr 


Fic. 4.—Effect of Exposure at Elevated Temperatures on the Tensile Properties at 400, 500, 
and 600 F of HK31XA-T6 and HZ32XA-TS Alloys. Separately cast test bars. 


extension represents the extension that 
takes place from the condition of zero 
load. This includes both the elastic and 
plastic extension obtained during loading, 
as well as the subsequent creep. In Figs. 
5 to 11, the stresses necessary to produce 
0.1, 0.2, 0.5, and 1.0 per cent total 


_ extension are plotted for times from 0 to 


AZ92A-T6 at 200, 300, and 400 F. 
ZK51A-T5 at 200, 300, and 400 F. 
EK30A-T6 at 400, 500, and 600 F. 
EZ33A-T5 at 400, 500, and 600 F. 
EK414A-T6 at 400 and 600 F. 
EK41A-T5 at 400 F. 

HK31XA-T6 at 400, 500, and 600 F. 
HZ32XA-TS at 400, 500, and 600 F. 
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Fic. 5.—Stress for Various Total Extensions at 200, 300, and 400 F. Separately cast test bars of 
AZ92A-T6 Alloy. 
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It can be seen on Figs. 5 and 6 that the 
creep resistance of both AZ92A-T6 and 
ZKS1A-TS alloys decreases rapidly as 
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and ZKS1A-TS will not withstand high 
stresses for long times above 400 F, data 
above this temperature are not pre- 
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G. 6.—Stress for Various Total Extensions at 200, 300, and 400 F. Separately cast test bars of 


Fic. 
ZKS1A-TS alloy. 


the temperature of testing is increased 
from 200 to 400 F. The creep resistance 
of the magnesium - rare earth metal - 
zirconium alloys also decreases rapidly 
as testing temperature is increased from 
400 to 600 F. Since the alloys AZ92A-T6 


sented. In the case of the rare earth 
metal and thorium-containing alloys, 
data are not given for temperatures 
below 400 F because there are, at most, 
only a few applications that could take 
advantage of the slight superiority these 
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systems of alloys have over AZ92A-T6 
and ZK51A-TS5 at such temperatures. 

Although ZK51A-T5 and AZ92A-T6 
are comparable at 200 F, the magnesium- 
zinc-zirconium alloy has some real ad- 
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The two magnesium-thorium-zirco- 
nium alloys are definitely different, as can 
be seen by comparing Figs. 10 and 11. 
In choosing either HK31XA-T6 or 
HZ32XA-T5, the allowable extension 
of the part under consideration as well 


vantages at 300 and 400 F. Small dif- 
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Fic. 11.—Stress for Various Total Extensions at 400, 500, and 600 F. Separately cast test bars 


of HZ32XA-TS alloy. 


41A-T6 Alloys. 


ferences can be seen among the several 
magnesium - rare earth metal - zirco- 
nium alloys. However, due to the known 
scatter of data characteristic of creep 
tests (14), it is concluded that these alloys 
cannot be distinguished from each other 
by this type of test at any of the testing 
temperatures. There are, however, indi- 
cations that at 400 F and the higher 
extensions EK30A-T6 is somewhat in- 
ferior to the other rare-earth alloys. 


peratures. 


as the operating temperature and time ~ 
must be considered. At the lower tem- — 
peratures, shorter times, and larger 
extensions, HK31XA-T6 alloy is better, © 
while under the reverse conditions of — 
temperature and time, HZ32XA-TS5 is 
better. Thus, the addition of zinc to 
HK31XA impairs its short-time tensile : 
and creep properties at elevated tem- 
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TABLE IIlI.—EFFECT OF EXPOSURE AT ELEVATED TEMPERATURES ON THE 100-HR 


CREEP LIMITS OF MAGNESIUM - RARE EARTH METALS - ZINCONIUM ALLOYS. 
Separately cast test bars. 


Exposure Temper- 
ature, deg Fahr 


100-hr Creep Limit, psi* 


Testing 
Exposure | Temper- EK30A-T6 EZ33A-TS 
Time, hr ange deg 
ahr 
0.1 0.2 0.5 0.1 0.2 0.5 
cent TE cent TE cent TE cent TE cent TE cent TE 
ee 0 400 5000 6800 9300 5400 8500 10 600 
1 400 4900 6600 9000 5500 8100 10 000 
et a 10 400 4800 6500 7800 5700 7700 9 600 
AS ae 20 400 4800 6500 7400 5800 7500 9 400 
BRET perme 0 400 5000 6800 9300 5400 8500 10 600 
ere 1 400 4600 6700 8900 5300 7800 9 900 
a ee 10 400 3700 5600 7800 5200 7300 9 300 
ERE Senn 20 400 3400 5200 7100 5200 7100 9 100 


* Creep limits given as total extension (TE). 


TABLE IV.—EFFECT OF EXPOSURE AT ELEVATED TEMPERATURES ON THE 100-HR 
CREEP LIMITS OF MAGNESIUM - THORIUM - ZIRCONIUM ALLOYS. 


Separately cast test bars. 


100-hr Creep Limit, psi* 


Testing 
_ Exposure Temper- | Exposure | Temper- HK31XA-T6 HZ32XA-TS 
ature, deg Fahr Time, hr one, deg 
ahr 

0.1 0.2 0.5 0.1 0.2 0.5 

cent TE cent TE cent TE cent TE cent TE cent TE 
0 400 8600 10 600 | 14 500 5700 6800 8500 
ere 1 400 7700 10 400 | 14 100 5400 6900 8600 
10 400 7000 10 200 | 13 600 5100 7000 8800 
4 20 400 6900 10 100 | 13 500 5100 7000 8900 
ee 100 400 6400 9 700 | 13 200 4900 7100 9000 
Deb vdebainenan 0 400 8600 10 600 | 14 500 5700 6800 8500 
1 400 6800 9 500 | 13 700 5500 7000 8700 
10 400 5500 8 200 | 12 200 5300 7200 9000 
A heii drole’ ack ond 20 400 5200 7 800 | 11 700 5300 7200 9100 
A eee 100 400 4500 6 800 | 10 000 5200 7400 9200 
Se eee 0 400 8600 10 600 | 14 500 5700 6800 8500 
ahaa nesaces ed 1 400 6900 9 200 | 13 300 5400 7200 9200 
SS 10 400 5100 7 100 9 600 5100 7700 9900 
ace 0 400 8600 10 600 | 14 500 5700 6800 8500 
See ae 1 400 6300 8 700 | 12 200 5400 7000 8800 
eae 4 400 4900 7 600 | 10 000 5300 7200 9000 
0 500 5100 6 900 | 10 100 
See 1 500 5100 6 900 9 600 
OA rer 10 500 5100 6 600 8 500 
20 500 5000 6 400 8 200 
100 500 4400 5 600 7 000 
es 0 600 2400 3 400 4 300 2800 3700 4700 
a er 1 600 1900 2 500 3 000 2700 3800 5000 
eae Se At 600 1600 2 000 2 500 2600 3800 5100 


sac 
‘ 
| | 
| 
i 
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EFFECT OF EXPOSURE AT ELEVATED 
‘TEMPERATURES ON 100-HR 
CREEP PROPERTIES 


Efforts to simulate conditions of actual 
operations by means of laboratory tests 
are the subject of many investigations. 
In most applications operating at ele- 
vated temperatures, conditions of stress 
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nesium-rare earth metal - zirconium 
and two magnesium-thorium-zirconium 
alloys was determined at several exposure 


and testing temperatures. The results 


for the shorter time exposures can be 
found in Tables III and IV, while Figs. 


12 to 15 show the effect of 1000-hr ex-_ 


posure on the 100-hr creep limits of 
A-T6, 


Exposed at 400F, Tested at 400F _. 
O.5 per cent Extension 


0.2 per cent 
O./ per cent 
a Exposed at 5OOF, Tested at SOOF 
- 0.2 per cent Pe. 
| __Q./ per cent 
4 


+ 0.5 per cent 


Exposed at GOOF, Tested at 6O0F 


0.2 per cent 


0O./ per cent 


4 


Exposure Time, hr 
Fic. 12.—Effect of Exposure at Elevated Temperatures on the 100-hr Creep Limits of EK30A-T6 


Alloy. Separately cast test bars. 


and temperature vary within a given 
run, although the exact cycle in most 
parts is not known. The Dow Chemical 
Co.’s creep machines are not equipped to 
perform tests under conditions of cyclic 
stress and temperature. As an approach 
to this problem, the author has evaluated 
the effect of exposure at various tempera- 
tures on the creep resistance at a given 
temperature. The effect of cyclic stressing 
remains for future investigations. 

The effect of varying times of exposure 
on the 100-hr creep limits of two mag- 


10 


and HZ32XA-TS alloys exposed at 400, 


500, and 600 F and tested at the ex- 
posure temperature. The creep parameter 
reported is, again, total extension. 

These results are similar to those ob- 
tained by tension testing in that the zinc- 
containing alloys retain higher creep 
resistance after exposure to elevated 
temperature than do the zinc-free alloys. 
The superiority of HK31XA_ over 
HZ32XA is apparent at the lower 
temperatures, however. Even taking the 
wide scatter characteristic of creep data 
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into account, the trends shown in these stress. These data should be given for at 

several comparisons are significant. least maximum and normal conditions, 

; _ If these factors are known along with the 

SUMMARY allowable deformation, reference to the 

; As discussed in earlier papers, the results presented in this paper should 


000 


500 600 
Exposure and Testing Temperature, deg Fohr 


Fic. 17.—Stress for 0.2 per cent Total Extension After 1000-hr Exposure at Testing Tempera- 
ture, 100-hr Creep Tests. Separately cast test bars. 


EK30A-T6 


Test Temperature,deg Fahr 


: Fic. 18.—Stress for 0.2 per cent Total Extension in 1000 hr for the Various Test Temperatures. 
Separately cast test bars. 


operating conditions of a part must be aid the design engineer in choosing a 
known before an attempt is made to composition for the part. 

select the material for this part. These A general comparison of the several 
conditions are the time and temperature alloys reported can be found in the sum- 
of operation as well as the magnitude of mary results of Figs. 16, 17, and 18. It 
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should be emphasized that these figures 
present only general alloy comparisons. 
The material presented earlier in the 
paper is more useful for design purpose 
than are these last three figures. Further- 
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STATISTICAL EVALUATION OF THE CREEP-RUPTURE PROPERTIES 
OF FOUR HEAT-RESISTANT ALLOYS IN SHEET FORM*f 


By A. I. Russ! anp J. W. Freeman! 


SYNOPSIS 


Stress-rupture tests were conducted on ten heats each of four alloys, Type 
321, Type 347, N155, and Inconel X. The ten heats represented material from 
several suppliers when possible and were tested at three temperatures between 
1200 and 1650 F for times up to 80 or 300 hr, depending upon the tempera- 
ture and material. Total deformation strengths were determined for elonga- 
tions of 0.2, 0.5, 1.0, and 2.0 per cent for time periods of 1, 5, 20, 80, and 300 
hr, insofar as the data obtained from the rupture tests permitted. 

Duplicate room-temperature tension tests were conducted on specimens 
selected from each heat to establish the variation in tensile properties within 
the sheet as well as sheet-to-sheet variations. 

All of the stress-rupture, total deformation, and tension test data were ex- 
amined statistically to establish average values and the standard deviations 
where sufficient data were available. 

No effort has been made to explain heat-to-heat variations in strength on the 
basis of metallurgical variables or to correlate tensile properties with stress- 
rupture properties. 


The rapid increase in the use of ma- 
terials at increasingly higher tempera- 
tures presents the design engineer with 
the problem of establishing reliable new 
design values. Each material is expected 
to have a range in properties which 
reflects normal production variations in 

* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

t This paper is based on the results of an 
investigation sponsored by the Aviation Panel 
of the ASME-ASTM Joint Committee on the 
Effect of Temperature on the Properties of 


Metals and was carried out at the Engineering 
Research Institute of the University of Michi- 


1 Research Associate and Project Engineer, 
respectively, Engineering Research Institute, 
University of Michigan, Ann Arbor, Mich. 
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chemical composition, processing condi- 
tions, and heat treatment. Thus, sound 
design values require establishment of 
the ranges in properties normally to be 
expected under commercial production 
conditions. 

This paper presents the results of a 
statistical evaluation of the ranges in 
creep-rupture properties of four sheet 
alloys as commercially produced. The 
data established were those primarily 
required by the aviation industry for 
very high temperature sheet applica- 
tions. The alloys were 18 Cr-8 Ni (Ti) 
(AISI 321), 18 Cr-8 Ni (Cb-Ta) (AISI 
347), N155 (AMS 5532), and Inconel X 


: | 
|| 


ON CREEP-RUPTURE PROPERTIES OF HEAT-RESISTANT ALLOYS 


TABLE I.—DESCRIPTION OF 18 Cr-8 Ni (Ti) (TYPE 321) SHEET MATERIALS. 


Chemical Composition, per cent 
Supplier Heat No. Gage, in. 
R10356 0.042)1.44/0.027/0. 0090.57) ... | 9.49]17.41/0.65) ... 0.040 
E02326 ... | 9.76)18.01|0.49) ... 0.040 
X25677 0.07 |1.65)0.022/0.006/0. 58 |10.43)17.84/0. 55) ... 0.040 
0.0351. 50/0.030/0.015|0.66) ... | ... 0.040 
X46099 0.06 |1.56/0.021/0.005/0.84/0. 24/10. 21/17. 76|0. 49/0. 13/0.035 to 0.045 
X13043 0.05 |1.43/0.029/0.005/0. 94/0. 24|10. 56/17. 56/0. 46/0. 15/0. 035 to 0.045 


* Surface finish and composition not reported; all others reported to have 2-D finish. 


TABLE II.—DESCRIPTION OF 18 Cr-8 Ni (Cb-Ta) (TYPE 347) SHEET MATERIALS. 


Chemical Composition, per cent 

A...| 620809 [0.08 80/0. 14/10. 42/17.66)0.96] ... |... 0.040 to 0.050 
A...| 620813 53/0. ... |... 0.040 to 0.050 
A.:.| 636862 /0.064/1.89/0.025/0.010/0. 50/0. 20/10. 76/17.60/0.71| ... |... |... 10.040 to 0.050 
D. .| E40470 |0.07 |1.68/0.018/0.017/0.80/0. 10|/10.44/17.55) ... |0.25/0.57/0.12 0.040 
D..| E41286 {0.06 |1.52/0.033/0.021/0. 57/0. 16|10.37|17.55) . 0.13)0.67/0.14 0.040 
D..| E41887 |0.05 |1.67/0.028/0.019/0. 98/0. . 0.13/0.62/0.24 0.040 
D..| E41737 |0.05 |1.88/0.024/0.016/0.62/0. ... |0.10/0.63/0.18 0.031 
C...| 7X7935 |0.07 24/10. 29/18. 49) . . 15/0.035 to 0.045 
C...| X25788 |0.07 73/0. 26)11.91/17.68) .. . 10.94) ... 10.035 to 0.045 
C...| 3X0005" 0-04 .. . }0.62/0.02/0.035 to 0.045 

* 2-B finish; all others 2-D finish. 


from different heats were included. rupture tests were analyzed for deforma- 


(AMS 5542). Ten sheets of each alloy In addition, the creep curves from a 
Attempts were made to obtain samples _ tions of 0.2, 0.5, 1.0, and 2.0 per cent as 


from several producers. Tests were a function of time. Ree 
carried out to establish the stresses for The investigation was sponsored by 
rupture according to the following the ASME-ASTM Joint Committee on : 
schedule: the Effect of Temperature on the Prop- ssw 
erties of Metals. The program was a 
ae Rupture Time, Type Alloys formulated and supervised by the 


Aviation Panel of the Joint Committee. 


1200..... 20 | 80 | 300 | 321, 347, Inconel X Vi a 

1350..... 20 | 80 | 300 | 321,347, Inconel X, DESCRIPTION OF TEST . 
N155 MATERIAL 

1500..... 5 | 20| 80 | 321, 347 

1500..... 20 | 80 | 300 | Inconel X, N155 The alloys were all furnished gratui- _ 

tously by several producers as commer- 


i 
1099 
te 


cial material produced to the following 
specifications: 


1100 ss RUSH AND FREEMAN 


loading, were established for the rupture 
tests. 


Material Specification Condition Finish 
[eee MIL-S-6721, composition Annealed and pickled | Commercial 2-D 
composition | Annealed and pickled | Commercial 2-D 
AMS 5532 Per AMS 5532 Per AMS 5532 
Inconel X........... AMS 5542 Heat treated andaged | PerAMS 5532 © 


The heat numbers, number of sources, 
chemical composition, and other de- 
scriptive material supplied by the 
manufacturers are given in Tables I 
to IV. 


PROCEDURE 


_ The general procedure was to sample 

each sheet according to a scheme de- 
signed to avoid misleading results from 
possible variations within the individual 
sheets. Tension tests were run at room 
temperature to show normal variation 
in properties from sheet to sheet and 
within each sheet. Rupture tests were 
made by estimating the stress required 
to give rupture at the intermediate time 
periods and then adjusting the stresses 
in subsequent tests to give rupture in 
_ the specified time periods. Creep curves, 
_ including stress-strain curve during 


No means were available for reliably 
fastening extensometers to the gage 
lengths of the specimens during the 
rupture tests. For this reason, they 
were fastened to the shoulders of the 
specimens. This necessitated consider- 
able work to establish reliable means of 
correcting for strain in the fillets and 
shoulders of the specimens. 

A good deal of care was taken to 
follow exact procedures as agreed upon 
with representatives of the Aviation 
Panel. Because these may be of con- 
siderable influence on the results, they 
are presented in some detail in the 
following sections. 


Sampling: 


All sheets were divided into three 
equal sections taken perpendicular to 
the direction of rolling, and at least one 


TABLE III.—DESCRIPTION OF INCONEL X (AMS 5542) SHEET MATERIALS. 


Chemical Composition, per cent 
Heat No. g | § Case, 
3/8 
Y4474xX 10. 05)0. 57|0. 007|0. 35|0. 07/73 . 67/14. 70/0. 84/2. 49/0. 53/6.70) 0.043 
Y3166X 10. 04/0. 54/0. 007/0. 36/0. 03/73 07/14. 73/0. 80/2. 38/1.02/6.94) 0.043 
Y4602xX 0.04/0. 57/0. 007|0. 44/0. 06|72. 56)14. 88/0. 90)2. 69/0. 0.043 
Y4860xX 0.03)0. 50/0. 007/0. 30/0. 02/73. 46/14. 66/0. 88/2. 59/0. 83/6.70) 0.043 
Y4511X 0.03/0. 56/0. 007/0. 31/0. 02/73. 0.043 
Y4847X 0.03|0. 55/0. 007/0.37|0. 04/73 .34)15. 14/0. 0.043 
Y4984X 0.03/0.54/0.007|0. 39/0. 16/72. 96/14. 93/0. 85/2. 57/0. 8816.66) 0.043 
253xX 05|72. 24/15.31/0. 78/2. 65)0.83/7.02| 0.045 
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: specimen was obtained from each section 
for each stress-rupture testing tempera- 
ture. 

Two tension specimens were obtained 
from each sheet, one from the outside 
edge of the sheet and the other from the 
center. 

All specimens were taken with the 
testing direction transverse to the direc- 
tion of rolling. 
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TABLE IV.—DESCRIPTION OF N155 (AMS 5532) SHEET MATERIALS. 


hard wheel with a vitrified bond (Si- 
mond’s Wheel WA 46-KS-V1), 
Testing Procedure: — 
Tension Testing—Duplicate tension 
tests were run. All tests were conducted _ 
with a free head-speed of 0.05 in. per 
min, and strain data were obtained by 
means of an optical extensometer sys- 
tem. The stress-strain curves plotted 


Chemical Composition, per cent 
Heat G 
M624 |0. 11/1. 45/0.028/0.013/0. 41/20. 08/21. ... | ... |0.84|2. 40/3. 08]0. 12|0.044 
M206 |0.08|1.32/0.022/0.020/0. 50/19. 72|21 . 52/19. 81|0. 66/0. 23/0. 89|2. 37/3. 22/0. 12/0.042 
M208 |0. 10/1. 50/19. 26/21 .66]19. 37/0. 80/0. 25]1.05/2.34|3. 17]0. 14/0. 042 
| M207 |0. 50|19.88|21 .49]19. 49/0. 79]0. 23|1. 02/2. 53/3. 28/0. 11/0. 042 
M733 |0. 53/20. 18|20.83/20.17| ... |... 11/0.050 
M737 |0. 12|1. 69/0. 17/19. 52| . . |0.81}2. 25/3. 06)0. 11|0.050 
M732 53/20. 04/21 08/20. 26} . . (0.82]2.38|2. 96/0. 10/0. 050 
M731 |0. 38} . . (0. 79]2. 42/2. 8410. 10]0. 050 
M726 |0. 12/1. 62/0. 020/0.012|0. 50/19. 37/21. 74/20. 25) . . . 11/0. 050 
M730 |0. 12/20. 78]19.05) . . 10. 76|2. 52/2. 96)0. 10/0. 050 
Specimen Design: from this data were used to establish : 7 


The specimens used were 22 in. long 
| and 1 in. wide in the shoulder area. The 
) reduced section was 0.500 in. wide by 
2.25 in. long and was located in the 
center of the 22-in. length. The fillet 
between the reduced section and 
shoulder area had a 1-in. radius. Holes 
549 in. in diameter were drilled in the 
shoulder areas for the attachment of 


extensometers. 
Machining: 


The same machining procedure was 
employed for all specimens. The speci- 
mens were milled to not less than %e 
in. of finish size on each side and then 
ground to finish size. Final grinding 
was done in the longitudinal direction, 
using a 46-grit, white borlon, medium 


yield strengths. 

Stress-Rupture Testing.—All _ stress- 
rupture tests were conducted in single ~ 
units of the dead weight-beam loaded 4 
type, except when low stresses required , 
the use of a direct load. 

The following procedure was used to 
bring the test specimens to temperature: 

1. Specimens were set up in the test- 
ing units and the heat turned on at 4:00 
p m in order to bring the temperature 
within 50 F of the desired temperature 
by 5:00 p m. 

2. The specimens were allowed to 
stand overnight and the temperature 
raised to the test temperature between 3 
8:00 and 9:00 a m the next day. 

3. Final temperature adjustments 
were made so that the stress could be 
applied at 1:00 p m. 
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4. The temperature distribution along 
the length of the specimen and the 
temperature variations with time were fixed on the upper and lower shoulders 


TABLE V.—ROOM TEMPERATURE TENSILE DATA FROM TYPE 321, TYPE 347, 


INCONEL X, AND N155 SHEET MATERIAL. 


gee? 


Time-elongation data were obtained 
by means of extensometers. Collars were 


Properties 


Material 


Type 321° | 


Type? 


Inconel X® 


Niss* 


TENSILE STRENGTH, PSI 


ls1 500-92 s00ls7 500-102 000 


156 500-185 116 600-121 200 
Maximum difference for one 
4 000 3 000 3 500 2 300 
85 550 94 400 174 000 119 050 
Standard deviation. .......... 3 380 3 840 7 900 1 320 
0.1 cent OrrseT YIELD STRENGTH, PSI 
neti aanncecaoeaepemdd 27 500-43 500} 32 500-51 000) 99 500-132 509 47 900-58 000 
Maximum difference for one - 
4 500 10 000 5 500 6 200 
32 900 39 800 118 000 52 250 
Standard deviation. .......... 3 960 4 490 8 550 2 340 
0.2 per cent Orrset YiIELD STRENGTH, PSI 
30 000-45 500} 35 500-54 000}102 000-136 55 400-64 500 
Maximum difference for one 
Divctncscsesestnecdivneed 3 500 8 500 6 000 5 000 
36 000 43 300 121 500 59 550 
Standard deviation........... 3 910 4 540 8 725 2 230 
PROPORTIONAL LIMIT, PSI 
14 000-22 000} 14 000-28 000] 76 500-110 000} 17 000-29 000 
Maximum difference for one 
7 500 9 000 7 000 
16 300 19 800 91 100 21 575 
Standard deviation. .......... 2 440 3 850 8 890 3 850 
ELONGATION, PER CENT IN 2 IN. 
Maximum difference for one 
5.4 5.5 5.0 3.0 
Standard deviation........... 5.65 4.74 2.86 


within the limitsof ASTM Recommended 


Practice E 8522 
3 


2 Tentative Recommended Practice for Con- 
ducting Time-for-Rupture Tension Tests of 
Metallic Materials (E 85 — 50 T), 1952 Book of 
ASTM Standards, Part 1, p. 1517. 


* Based on values from 10 heats. 
+ Based on values from 9 heats. 


of the specimens by means of pins 
inserted through holes drilled in the 
specimen shoulder. Extension rods were 
attached to the collars and extended 
out of the furnace. Rollers carrying a 
mirror were inserted between each pair 
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TABLE VI.—RUPTURE AND TOTAL DEFORMATION STRENGTHS OF TEN HEATS 
OF TYPE 321 SHEET MATERIAL AT 1200, 1350, AND 1500 F. 


Stress for Rupture or Indicated Total Deformation in the Specified Time Period 
Heat No. 1200 F 1350 F 1500 F 
| sobr | 300hr| Shr | 20hr | sobr | s00hr | thr | Shr | 20hr | 
Rupture STRENGTH, PSI 
R10356..|33 500} 28 500 |22 500 19 000)15 000 | 11 500 12 10 000 | 7 100 
£02326. .|34 000) 27 500 |22 500 17 500)13 500 | 10 700 13 9 600 | 6 600 
E1880. ../33 500) 28 000 |23 500 21 500/16 500 | 13 000 14 11 200 | 8 500 
X25677../33 500) 29 500 {23 500 20 500/16 000 | 12 500 13 11 500 | 6 700 
E41024. ./33 500} 31 000 (24 500) 22 000/18 500 | 14 600 13 11 000 | 8 800 
627967...|32 000) 27 500 |22 500) 19 000)16 000 | 13 000 14 000}10 800 | 8 200 
R30409. .|34 500) 27 500 |22 000) 20 500/15 500 | 11 300 12 10 300 | 7 500 
E1869. ../36 000) 29 500 |24 000 21 000}/17 500 | 13 500 15 12 500 | 7 800 
X46099. ./31 000} 26 000 |21 000 18 000/14 300 | 11 500 13 500} 9 900 | 7 200 
X13043../29 500) 25 000 |19 500 17 500)14 000 | 10 500 12 500} 9 500 | 7 200 
2.0 PER CENT DEFORMATION STRENGTH, PSI 
R10356. ./29 500} 24 000 000} ... 000}12 500 9 700 |12 10 000} 7 400 | 5 400 
£02326. ./28 000} 24 500 |20 [16 300}11 700 | 8 600 |14 10 000} 7 400 | 5 700 
E1880. ../25 000] 23 500 /22 21 500)14 200 | 11 000 {15 200}11 700} 8 800 | 6 700 
X25677..|28 500} 25 000 [21 20 500/17 000)12 800 9 600 200} 9 800] 7 600 ame 
E41024. ./26 500} 25 500 /21 21 500/20 000]17 000 | 14 000 |13 500]12 000] 9 800 | 7 900 
627967 . 000} 24 000 [20 000] ... {17 500)/14 500 | 12 000 |14 300} 9 300 | 7 800 
R30409../27 500} 24 000 |19 16 500/13 000 | 10 200 500)10 200] 8 300 |(4 600) 
E1869. ../29 500} 27 000 |22 ... 118 500/15 500 |(12 000)} ... |12 500]10 500 |(6 600) 
X46099../25 000} 21 000 17 500}14 000}11 500 | (9 600) 7 100 ‘xe 
X13043../23 500} 19 500 |16 10 000 6 800 one 
1.0 DsrorMATION STRENGTH 
R10356. .|24 000 22 500 18 11 000 | 9 000 6 200 
E02326. ./25 500} 23 000 ... }|14 500}10 500 | (7 600) 6 400 
E1880. . .|24 000} 22 500 19 000}16 500)12 500 | (9 300) 7 800 | 5 800 
X25677../25 500} 23 000 18 500]15 500)12 000 | (9 000) 6 700 
E41024..] ... 500/18 500]16 000 | 13 000 9 000 | 7 200 
627967 . ./26 500) 22 500 . ..- [15 500/13 500 |(11 500) 8 400 | 7 000 
R30409. ./24 500} 21 500 000]15 000}11 500 | (9 000) 6 800 
E1869. . 000} 24 000 000/14 000 9 000 
X46099. ./23 000] 20 000 15 500}12 500)10 000 6 400 
X13043../22 000] 17 500 16 500}12 000) ... 5 600 
0.5 PER CENT DEFORMATION STRENGTH, PSI 
R10356../23 000} ... 16 000|12 000 9 500 7 400] (5 600) 
E02326. ./22 500} 20 500 ..+ 000] 8 700 7 400)(5 300) 
E1880. ..|22 500} 21 000 17 500/14 500} (9 600) 12 8 800 600 
X25677. 000} (20 000) 17 000)14 500}(9 800) 9 800} 7 700) ... 
E41024 18 000]17 000}14 000 12 000/10 300} 8 100 
627967 . .|25 000} 21 000 16 000)14 300}12 500 11 500] 9 100} 7 500 
R30409 16 000}14 000) (9 600) 10 500] 9 300)(5 400) 
E1869. 19 500/15 500}12 500 12 800/10 -500) (7 200) 
X46099. ./21 500) 13 500}11 000] ... 8 700] 7 000)(5 700) 
X13043../19 000) 14 000} 9 200) 9 500] 6 300] ... 
0.2 PER cENT DEFORMATION STRENGTH, PSI 
R10356 +++ }12 500/10 000 8 300] 6 000 
E02326..] ... |13 500/10 500 8 200} 5 500 
E1880...) ... 10 500) 10 500} 6 600 
15 12 000 8 700} 6 200 
E41024..] ... 17 000]16 000 10 500} 8 200 
627967 . .|23 000) 14 12 800 9 000} 7 200 
R30409. pes 15 000}11 000 9 800} 6 300 
E1869. . seo 15 12 500 11 000} 8 600 
X 46099. 10 7 500} 6 000 
X13043. 9 600 7 200 


Nore.—Parentheses around strength values indicate extrapolated values. 
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OF TYPE 347 SHEET MATERIAL AT 1200, 1350, AND 1500 F. 


TABLE VII.—RUPTURE AND TOTAL DEFORMATION STRENGTHS OF TEN HEATS 


Stress for Rupture or Indicated Total Deformation in the Specified Time Period 


1200 F 1350 F 1500 F 
2ohr | sobr | s0ohr | shr | 20br | sobr | soobr | ihr | Shr | 20 br | 80 br 
Rupture STRENGTH, PstI 
620809. .... 38 32 28 000 123 18 14 000. 13 500 /11 8 300 
620813... ./38 500/33 29 000 - [23 19 15 000 15 000 |11 500/8 300 
636862... ./38 000/32 28 000 . [24 000/18 13 500 13 000 |10 500)7 700 
E40470. .. 000/32 26 500 20 000}17 14 000 14 200 |10 500/9 000 
E41286....|37 500)32 28 000 23 500}19 15 500 13 500 |11 800/9 200 
E41887....|42 000/36 30 000 22 000}18 15 000 15 000 |12 800}9 800 
E41737....|36 000/30 25 000 23 000/18 14 000 14 000 /11 800 
7X7935....133 000/28 21 500 20 14 9 000 12 000 | 9 200/6 000 
X25788... 000/29 22 000 17 000}13 10 000 12 000 | 8 6 000 
3X0005..../36 000/31 26 000 22 18 14 500 (14 000)}12 9 000 
2.0 PER CENT DEFORMATION STRENGTH, PSI 
620809... ./31 000/27 500 16 000} (12 000)]13 11 000 | 8 4 
620813... ./30 000/29 000 16 500}(13 300)}12 9 800 | 8 200] ... 
636862... .|29 000/26 500 14 500}(11 000)}13 10 600 | 8 100] ... 
E40470....|29 500/27 500 20 500]17 500}14 500} (12 000)}13 10 500 | 8 
E41286....|30 500/29 000 23 500/21 500}17 500} 14 500 11 000 | 9 000)7 600 
E41887....| ... |29 000) 18 500}15 500} (13 000)]15 11 000 | 8 
E41737....|30 000/28 000 16 (12 500)/12 7 10 400 | 8 
7X7935....|30 500/25 000 10 7800; . 
X25788....|30 000/24 000 ... 000} 6 600 | 4 
3X0005....|27 000/26 000 16 13 000 |13 000} 10 800 | 9 7 700 
1.0 PER CENT DEFORMATION STRENGTH, PSI 
20 18 000}14 oo 10 000 | 7 600) ... 
ase 19 000}18 300 ll 9 000 | 7 500) .. 
19 000]17 000j13 500} ... {12 000} 9 600 | 7 100 
26 ... 19 000}16 13 800} ... 000} 9 600 | 7 800) . 
21 000/19 500)16 800 12 8 10 200 | 8 400] . 
500} ... 19 000}17 000j14 500) ... fil coe 
-| 500 19 000}14 500} 7 9 700 | 7 800) . 
(28 23 000 19 13 000} 9 O00} ... | 
22 000 14 10 500} ... 7 | 
20 18 000}15 OOO} ... 9 800 | 8 400) . 
0.5 PER CENT DEFORMATION STRENGTH, PSI 
19 000}15 500 11 000} 9 000 
17 500)16 000) ... 8 400 
17 500)16 000) ... 10 500} 8 700 
16 500/15 000/13 000) 11 000} 8 600 
19 000/18 000)15 11 500} 9 400] 7 800] ... 
17 500}/15 500) ... 9 200 
19 000/16 500/13 10 800} 9 000 
..-|26 000/21 000 16 000/11 000) ... 8 000 
21 000 12 000} 9 000) ... 6 200 4 100 
18 000]17 000)14 000 10 8 600 | 7 400 
0.2 PER CENT DEFORMATION STRENGTH, PSI 
15 ae: 9 000} 7 500 
16 7 400 
9 000} 7 200 
[14 600) . 9 400] 7 400 
‘ 17 500}15 000 9 800} 8 000 
| 
16 14 000 9 000] 7 500 
500 4 600 
14 500) 
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Norse.—Parentheses around strength values indicate extrapolated values. 
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TABLE VIII.—-RUPTURE AND TOTAL DEFORMATION STRENGTHS OF NINE HEATS 


OF INCONEL X SHEET MATERIAL AT 1200, 1350, AND 1500 F. 


Stress for Rupture or Indicated Total Deformation in the Specified Time Period 


Heat No. 1200 F 1350 F 1500 F 
2ohr | sohr | 300br| 20br | sohr | 300hr | 20br | sobr | 300 br 
Rupture STRENGTH, PSI 
Y4474X........../68 000]55 000/45 500] 49 000 | 38 500 | 30 000 | 31 500 | 25 000 | 20 000 
0 64 000/53 000/44 000} 41 000 | 33 000 | 27 000 | 27 000 | 20 000 | 15 000 
nasty aiacana 80 000/68 58 000] 50 000 | 42 000 | 32 000 | 28 500 | 19 300 | 13 000 
aaa 57 000/47 40 000] 42 500 | 34 500 | 28 000 | 32 000 | 23 500 | 16 500 
68 000/58 500/50 000] 47 000 | 38 000 | 32 000 | 29 500 | 21 200 | 15 500 
0 Rr 69 000/64 60 000} 48 500 | 39 500 | 32 500 | 26 000 | 19 000 | 14 000 
0. aa 66 000]/57 500/50 000] 45 000 | 37 000 | 30 500 | 27 500 | 20 000 | 14 500 
ES a wee mai 78 000/67 000/58 000] 54 000 | 42 500 | 33 000 | 27 500 | 20 000 } 15 000 
EERE ea 74 65 000/57 000] 54 000 | 42 500 | 33 000 | 29 000 | 21 000 | 15 000 
2.0 PER CENT DEFORMATION STRENGTH, PSI 
27 500 | 17 500 | 11 500 
29 000 | 20 500 | 14 800 
eee 18 000 | 13 600 
wee 25 500 | 19 000 | 13 500 
27 000 | 19 500 | 14 000 
° eve 20 000 |(14 200) 
1.0 PER ceENT DEFORMATION STRENGTH, PSI 
. SR 73 000/66 O00} . 48 500 | 39 000 | 31 000 | 22 500 | 15 000 |(10 300) 
are 27 500 | 19 200 | 13 800 
22 000 | 17 000 | 13 000 
23 500 | 17 500 | 12 500 
Y4984xX.. 32 000 | 26 000 | 18 000 | 12 500 
0.5 PER CENT DEFORMATION STRENGTH, PSI 
29 500 | 23 500 | 19 000 
71 000/63 000/56 000} 44 000 | 35 000 | (28 000)| 19 000 | 13 000 
... | 44 500 | 35 000 | 28 500 | 20 000 | 15 500 
> eee 64 000/56 000/49 000] 42 500 | 35 000 | 29 000 | 22 000 | 15 500 | 11 000 ue 
: ae nee? ae e 49 000 | 38 000 | 28 500 | 23 500 | 16 000 | 11 000 a 
49 000 | 38 500 | 30 500 | 24 500 | 17 000 
0.2 cenT DEFORMATION STRENGTH, PSI 
> 
Y4474X......... 26 000] 21500] 18000 
| | 31 500 | 27 000 21 000 | 16 500] 13 200 
67 000/60 000/54 000 14 000 one one 
“we sare 30 500 | 27 500 24 000 | 17 500 
18 500 | 14 000 
31 500 | 29 500 16 500 | 12 000 
‘ 29 000 17 000 12 500 


Norte.—Parentheses around strength values indicate extrapolated values. 


1105 


— 
7 
= 


TABLE IX.—RUPTURE AND TOTAL DEFORMATION STRENGTHS OF TEN HEATS OF N155 SHEET MATERIAL AT 1350, 1500, 


AND 1650 F. 


Stress for Rupture or Indicated Total Deformation in the Specified Time Period 
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of extension rods. As the specimen de- 
formed, the mirrors were rotated and 
the rotation measured by a scale re- 
flected in the mirrors to a telescope. The 
readings on both sides of the specimens 
were taken and averaged. The sensitivity 
of the extensometer system was 0.000003 
in. per in. in the 2-in. gage length. 
Inasmuch as the extensometers were 
attached to the shoulders of the speci- 
men, the observed deformations in- 
cluded elongation in the fillet and a 
portion of the shoulder, as well as in 
the reduced section. Consequently, it 
was necessary to establish factors that 
would correct the total deformation 
observed to that occurring in the re- 
duced section. That is, the total 
extension measurements were trans- 
lated into per cent elongation of an 
“effective gage length.” The effective 
gage length is the hypothetical gage 
length that would deform the same 
amount as the total deformation meas- 


_ ured by the extensometers. 


Two effective gage lengths were 


_ determined: one for the loading portion 


of the creep-rupture tests, and the 
other for the creep data obtained after 
the load had been applied. This was 
necessary because the relations between 
stress and strain during loading are 
different from those during creep. 

The effective gage length during load- 
ing was determined at room temperature 
by several tests run on specimens using 
both SR-4 strain gages applied to the 
reduced section and the mechanical 
extensometers attached to the shoulders. 
Several independent checks were con- 
ducted to determine the effective gage 


_ length for creep in the rupture test. 


Specimens were gage-marked in a num- 
ber of places in both the reduced section 
and shoulder areas and carefully meas- 
ured with a vernier microscope before 
and after creep testing. The specimens 


RUSH AND FREEMAN 


> 
used covered a range of temperatures, 
stresses, creep rates, and materials, 
From these data, together with the 
extensometer readings obtained during 
the tests, an effective gage length was 
calculated. Furthermore, the effective 
gage length was independently cal- 
culated on the basis of stress distribution 
and the integration of creep rates in the 
entire section between the points of 
attachment for the extensometers. The 
values obtained for the effective gage 
length by these calculations agreed ex- 
ceptionally well with those determined 
experimentally. 


Test RESULTS 
Tensile Properties at Room Temperature: 


The results of the tension tests are 
summarized in Table V. It will be noted 
that tensile properties were uniform. 
The most notable exception was Inconel 
X, Heat Y4474X, which had abnor- 
mally low strength. If Heat Y4474xX 
were excluded from the values for the 
ranges reported in Table V, the low side 
of the tensile strength range would have 
been 170,000 psi instead of the 156,600 
psi shown. The other strength values 
were proportionately low for this heat. 
The duplicate specimens all agreed well 
in properties in every case, indicating no 
large variations within individual sheets. 


Stress-Rupture Properties: 


The stresses for rupture in the speci- 
fied times are given in Tables VI to IX 
for all sheets. Figures 1 to 4 show the 
ranges in these stresses as a function of 
temperature. The approximate ranges in 
elongations for fracture are also included 
in the figures. Three or four tests were 
run on each sheet for each temperature 
and a stress-rupture curve plotted. The 
stresses reported were obtained by 
interpolation on stress-rupture 
time curves. In most cases, the stresses 
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d Fic. 1.—Summary of Stress-Rupture Strengths for Ten Heats of Type 321 Sheet at 1200, 1350 | 

n and 1500 F for Time Periods of 5, 20, 80, and 300 hr. 

el Per cent values shown on graph indicate estimated range in elongation at fracture for specified time period. 
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Fic. 2.—Summary of Stress-Rupture Strengths for Ten Heats of Type 347 Sheet at 1200, Bs, 
and 1500 F for Time Periods of 5, 20, 80, and 300 hr. 


Per cent values shown on graph indicate estimated range in elongation at fracture for specified time period. 
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Fic. 3.—Summary of Stress-Rupture Strengths for i Heats of Inconel X Sheet at 1200, 
1350, and 1500 F for Time Periods of 20, 80, and 300 h 


Per cent values shown on graph indicate estimated range in elongation at fracture for specified time period. 
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Fic. 4.—Summary of Stress-Rupture eee for Ten Heats of N155 Sheet at 1350, 1500, 
and 1650 F for Time Periods of 5, 20, 80, and 300 hr. 


Per cent values shown on graph indicate estimated range in elongation at fracture for specified time period. 
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were adjusted so that the actual test 
times were not greatly different from 
those specified. 

In conducting the tests, it was not 
found possible to test all heats of a 
_ given alluy at the same stresses. This 


those specified. For instance, for N155 
the spread in rupture times for the 
average stress for fracture in 80 hr at 
1350 F was 55 to 100 hr, a range wider 
than was specified for the investigation. 
The other materials had considerably 
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Fic. 7.—Graph of Stress versus Time-Temperature Parameter, P = T (20 + log 2), for the 
Individual Stress Rupture Tests on Nine Heats of Inconel X Sheet Material at 1200, 1350, and 


1500 F. 


was due to the spread in rupture times 
for a given stress being too wide to 
enable proper establishment of the 
specified rupture times. After one test 
point was available, the stresses were 
adjusted to give fracture times near 


wider variations in rupture times at a 
given stress. Several more tests would 
have been required for each rupture 
curve to have run tests on all heats at 
common stresses and also have estab- 
lished the specified rupture times. 
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When the investigation was initiated, 
it was believed possible that the number 
of tests required could be reduced con- 
siderably by the use of a time-tempera- 
ture parameter for correlating stress- 
rupture data.’ However, as the work 
progressed, it became apparent that the 
data did not fit a single stress-parameter 
curve sufficiently well to predict the 
strength of one heat upon the curve 
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parameter = 7T(C + log #). Tempera- 
ture, T, is expressed in degrees Rankin; 
the time, /, in hours; and the value for 
the constant, C, is usually taken as 20. 
It was observed that changing the value 
of C resulted in better agreement for 
the values obtained from a single heat 
but at the same time increased the dis- 
agreement for other heats. However, it 
is apparent from Figs. 5 to 8 that the 


20000 


3 
10000 
8000 
7 © M624 a M737 
@ M206 g M732 Seer 
6000 0 M208 # M73! 
M207 M726 


38000 40000 42000 44000 46000 46000 
Porameter 
Fic. 8.—Graph of Stress versus Time-Temperature Parameter, P = 


T (20 + log 2), for the 


Individual Stress Rupture Tests on Ten Heats of N155 Sheet Material at 1350, 1500, and 1650 F. 


obtained from another heat. The in- 
dividual test points for each alloy are 
plotted on stress-parameter coordinates 
in Figs. 5, 6, 7, and 8. The time-tem- 
perature parameter employed was that 
developed by Miller and Larson where 


3 F. R. Larson and James Miller, “A Time- 
Temperature Relationship for Rupture and 
Creep Stresses,” Transactions, Am. Soc. Me- 
chanical Engrs., Vol. 74, No. 5, July, 1952. 


agreement in rupture strengths between 
the various heats was not sufficient to 
warrant its use in the determination of 
the range in rupture strengths for this 
investigation from a master curve 
established from a limited number of 
heats. It is likewise apparent that using 
a limited number of tests on each heat 
to establish a curve would not have 


been reliable. we 
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9.—Summary of 1.0 per cent Total Deformation Strengths for Ten Heats of Type 321 
easy at 1200, 1350, and 1500 F for Time Periods of 5, 20, 80, and 300 hr. 
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; Fic. 10.—Summary of 2.0 per cent Total Deformation Strengths for Ten Heats of Type 321 
é Sheet at 1200, 1350, and 1500 F for Time Periods of 5, 20, 80, and 300 hr. 
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Fic. 11.—Summary of 2.0 per cent Total Deformation Strengths for Ten Heats of Type 347 
Sheet at 1200, 1350, and 1500 F for Time Periods of 5, 20, 80, and 300 hr. 
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Fic. 12.—Summary of 0.5 and 0.2 per cent Total Deformation are for Ten Heats of N155 
Sheet at 1350, 1500, and 1650 F for Time Periods of 5 and 20 hr 
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Fic. 13.—Summary of 1.0 per cent Total Deformation Strengths for Ten Heats of N155 Sheet 
at 1350, 1500, and 1650 F for Time Periods of 5, 20, 80, and 300 hr. 
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Fic. 14.—Summary of 2.0 per cent Total Deformation Strengths for Ten Heats of Ni55 Sheet 
at 1350, 1500, and 1650 F for Time Periods of 5, 20, 80, and 300 hr. 
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TABLE X.—STATISTICAL EVALUATION OF STRESS RUPTURE AND TOTAL 
DEFORMATION STRENGTHS OF TEN HEATS OF TYPE 321 SHEET AT 1200, 1350, 
AND 1500 F. 

Rupture or Total | Tempera- [Number of, Range in Rupture Ave Standard | Average + 3 Times 
ture, deg Heats? ‘Deformation Strength |Dev 
Rupture STRENGTHS 
ee 1200 10 29 500-36 000 33 100 1740 27 900-38 300 
ae 10 25 000-31 000 28 000 1660 23 000-33 000 
BE i s-ccteses'e 10 19 500-24 500 22 550 1405 18 300-26 800 
. 1350 10 17 500-22 000 19 650 1580 14 900-24 400 
er ye 10 13 500-18 500 15 700 1490 11 200-20 200 
Diccecs awinela 10 10 500-14 600 12 200 1250 8 400-15 900 
isesedn wee 1500 10 12 000-15 500 13 400 1080 10 200-16 600 
Serer er 10 9 500-12 500 10 650 900 7 900-13 300 
ee 10 6 600- 8 800 7 550 710 5 400- 9 700 
2.0 per cent ToTaL DerorMaTION STRENGTHS 
_ ee 1200 10 23 500-29 500 27 200 1930 21 400-33 000 
Dsteerienwrs 10 19 500-27 000 23 800 2010 17 800-29 800 
Ey 10 16 000-22 000 19 850 1750 14 600-25 100 
Seer 1350 10 14 000-20 000 16 800 1680 11 800-21 800 
aS: 10 10 000-17 000 13 250 2020 7 200-19 300 
9 8 600-14 000 10 750 1580 6 000-15 500 
ee 1500 8 11 500-14 200 13 150 1260 9 400-16 900 
ee 10 9 000-12 500 10 550 1160 7 100-14 000 
ES ee 10 6 800-10 500 8 300 1080 5 100-11 500 
ak isiechomcbacie 7 4 600- 7 900 6 400 1140 3 000- 9 800 
1.0 per cent Totat DerorMaTION STRENGTHS 
ERS 1200 9 22 000-26 500 24 550 1380 20 400-28 700 
ee 9 17 500-24 000 21 850 1915 16 100-27 600 
tii wewnews 1350 7 15 500-19 500 17 700 1330 13 700-21 700 
See eer 10 12 000-18 500 15 100 1880 9 500-20 740 
ee eee 9 10 000-16 000 12 350 1790 7 000-17 700 
Pe icancarereden 7 7 600-13 000 9 750 1670 4 700-14 800 
ae 1500 10 10 400-14 200 12 100 1180 8 600-15 600 
ieee iibed 10 7 600-11 700 9 550 1260 5 800-13 300 
ik ctcceansd 10 5 600- 9 000 7 250 1160 3 800-10 800 
0.5 per cent TotTaL DrerorMaATION STRENGTHS 
re. 1200 7 19 000-25 000 22 350 1680 17 300-27 400 
Diekneenenew 1350 9 13 500-19 500 16 400 1590 11 600-21 200 
Sar 10 9 200-17 000 13 500 2130 7 100-19 900 
Gecescccees 8 8 700-14 000 10 750 1800 5 300-16 100 
ae ne 1500 10 8 700-12 800 10 850 1310 6 900-14 800 
Sere 10 6 300-10 500 8 400 1400 4 200-12 600 
EERE Bere 8 5 300—- 8 100 6 450 950 3 600- 9 300 
0.2 cent ToTat DEFORMATION STRENGTHS 
eae rte eS 1350 10 9 600-17 000 13 700 2180 7 200-20 200 
ee 8 10 000-16 000 11 900 1910 6 200-17 600 

eee 1500 10 7 200-11 000 9 050 1255 5 300-12 800 

Rincivaticn wae 9 5 500- 8 600 6 750 1000 3 700- 9 700 

* Number of heats for which data were available for indicated strength value. 
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TABLE XI.—STATISTICAL EVALUATION OF STRESS RUPTURE AND TOTAL 
DEFORMATION STRENGTHS FOR TEN HEATS OF TYPE 347 SHEET AT 1200, 1350, 


AND 1500 F. 
Rupt Total| T - | Numbe a Rupt A Standard A + 
1 sformation ture, deg or formation Strength Deviation, 3 Times Standard 
Rupture STRENGTHS 
1200 10 33 000-42 000 37 400 2250 30 600-44 100 
10 28 000-36 000 31 600 2160 25 100-38 100 
10 21 500-30 000 26 400 2700 18 300-34 500 
1350 10 17 000-24 000 21 800 2080 15 600-28 000 
10 13 500-19 000 17 350 1770 12 000-22 700 
10 9 000-15 500 13 450 2070 7 200-19 700 
1500 10 12 000-15 000 13 620 1005 10 600-16 600 
10 8 400-12 800 10 920 1250 7 200-14 700 
10 6 000—- 9 800 8 210 1230 4 500-11 900 
2.0 per cent Totat DerorMaTION STRENGTHS 
1200 9 27 000-31 000 29 700 1110 26 400-33 000 
10 24 000-29 000 27 150 1660 22 200-32 100 
1350 8 17 000-23 500 20 900 1710 15 800-26 000 
10 12 500-21 500 18 450 2620 10 600-26 300 
9 10 600-17 500 15 250 1850 9 700-20 800 
8 11 000-14 500 12 700 980 9 800-15 600 
Dcibnseokeae 1500 9 10 000-15 000 12 900 1265 9 100-16 700 
ivnaceawesise 10 6 600-11 000 9 950 1420 5 700-14 200 
Dettntaaneee 9 4 800—- 9 000 8 150 1185 4 600-11 700 
1.0 per cent Totat DerorMaTION STRENGTHS 
m a 1350 9 14 000-21 500 19 200 2030 13 100-25 300 
a 10 10 500-19 500 16 650 2650 8 700-24 600 
De cakeeavess 9 9 000-16 800 14 100 1880 8 500-19 700 
Davees eeenes 1500 9 7 800-12 800 11 300 1350 7 200-15 300 
Tithiaweans 10 5 300-10 200 8 680 1720 3 500-13 800 
SER re oe 7 7 100- 8 400 7 800 437 6 500- 9 100 
0.5 per cent Tota, DerorMaTIon STRENGTHS 
: ry 1350 10 12 000-19 000 17 200 1990 11 200-23 200 
ere 10 9 000-18 000 14 950 2540 7 300-22 600 
ERE eee 1500 9 6 200-11 500 9 800 1635 4 900-14 700 
8 4 100- 9 400 8 220 1590 3 400-13 000 
wae 
0.2 per cent ToTaL DerorMATION STRENGTHS 
Giccctecneees 1350 10 9 400-17 500 14 590 2365 7 500-21 700 
SN cnmemaeas 1500 7 4 600- 9 800 8 470 1625 3 600-13 300 
7 re 7 7 200- 8 000 7 450 154 7 000- 7 900 


* Number of heats for which data were available for indicated strength value. 
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Total Deformation Strengths: 


The creep curve for each rupture test 
was plotted. The available times for 
total deformations of 0.2, 0.5, 1.0, and 
2.0 per cent were taken from these 
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These latter values are given in Tables 


VI to IX. Where the data are sufficiently 
complete, the ranges are shown as a 
function of temperatures in Figs. 9 — 
to 14. 


TABLE XII.—STATISTICAL EVALUATION OF STRESS RUPTURE AND TOTAL 


DEFORMATION STRENGTHS FOR NINE HEATS OF INCONEL X SHEET AT 1200, 
1350, AND 1500 F. 


Total| T - Numbe in Rupti A Standard | A + 3 Times 
ime, hr Fabr Heats* Strength, psi psi psi 
Rupture STRENGTHS 

i ccsaween 1200 9 57 100-80 000 69 300 6700 49 200-89 400 

are 9 47 500-68 000 59 500 6580 39 800-79 200 

ER 9 40 000-60 000 51 400 6800 31 000-71 800 

cs bsweewwe 1350 9 41 000-54 000 47 900 4250 35 200-60 600 

Sor 9 33 000-42 500 38 600 3230 28 900-48 300 

i astirniewnes 9 27 000-33 000 30 900 2060 24 700-34 100 

ee 1500 9 26 000-32 000 28 700 1900 23 000-34 400 

ein Guba gore 9 19 000-25 000 21 000 1890 15 300-26 700 

Pe scseaveese 9 13 000-20 000 15 400 1870 9 800-21 000 
2.0 per cENT ToTat DerorMATION STRENGTHS 

EE 1500 6 17 500-20 500 19 100 1060 15 900-22 300 

Be chastecdas 5 11 500-14 800 13 600 1030 10 500-16 700 
1.0 per cent ToTat DerorMaTION STRENGTHS 

Dpicacncons 1500 6 22 000-27 500 24 600 1950 18 800-30 400 

ere 8 15 000-23 000 18 500 2180 12 000-25 000 

SES 9 10 300-19 500 14 000 2450 6 700-21 300 
0.5 per cent Tota, DerorMaTION STRENGTHS 

er 1500 9 19 000-29 500 24 100 3470 13 700-34 500 

Seer 9 15 000-23 500 17 700 2730 9 500-25 900 

ae 6 11 000-19 000 13 800 2770 5 500-22 100 
0.2 per cent Tota, DerorMATION STRENGTHS 

Pe vsicscanvas 1500 9 14 000-26 000 19 100 3660 8 100-30 100 

sihrvececn 7 11 500-21 500 15 100 3370 5 000-25 200 


curves, and curves were then plotted for 
stress versus the time for these total 
elongations for each test temperature 
on each heat. Values were then inter- 
polated for the stresses for the deforma- 
tions in 1, 5, 20, 80, and 300 hr, 
depending on what data were available. 


* Number of heats for which data were available for indicated strength value. 


The deformations reported are the > 
total deformations from loading and — 


for the following reasons: (1) deforma- 
tion during loading exceeded the desired - 
values; (2) the total deformation ex- 
ceeded those of interest in much less 
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TABLE XIII.STATISTICAL EVALUATION OF STRESS RUPTURE AND TOTAL 
DEFORMATION STRENGTHS FOR TEN HEATS OF N155 SHEET AT 1350, 1500, AND 


Rupture or Total | Temper- Number Range ip Average Standard | Average + 3 Times 
eformation ature of or tion Strength, |Deviation,| Standard Deviation, 
ime, deg Fabr Heats® Strength, psi psi psi psi 
Rupture STRENGTH 
aa 1350 10 34 500-37 500 36 100 970 33 200-39 000 
AE 10 28 000-31 000 29 350 840 26 800-31 900 
wks senves 10 23 000-25 500 24 050 757 21 800-26 300 
ee 1500 10 19 500-22 000 21 250 783 18 900-23 600 
epee ee 10 17 000-18 500 17 850 503 16 300-19 400 
SE 10 13 500-16 000 14 630 627 12 700-16 500 
eisauceee 1650 10 16 000-17 500 16 550 522 15 000-18 100 
Sa 10 12 500-14 000 13 180 399 12 000-14 400 
ae 10 9 800-11 500 10 410 476 9 000-11 800 
2.0 per cent ToTaL DEFORMATION STRENGTHS 
iineseswaae 1350 10 34 000-36 500 35 050 819 32 600-37 500 
“(iescatdast 10 29 000-31 000 29 750 750 27 500-32 000 
aaa 10 24 000-27 000 24 950 986 22 000-27 900 
Re Pa 10 19 500-23 000 21 100 1156 17 600-24 600 
Divnascdnpon 1500 10 19 500-22 000 21 150 840 18 600-23 700 
are 10 17 500-19 500 18 450 522 16 900-20 000 
10 14 500-17 200 15 940 664 13 900-17 900 
See 10 12 000-15 000 13 810 739 11 600-16 000 
ee weve 1650 10 15 000-17 500 16 530 727 14 300-18 700 
Dieeccwhnnen 10 12 500-15 000 13 820 657 11 800-15 800 
SER 10 10 700-12 500 11 600 496 10 100-13 100 
eee 10 9 100-10 300 9 640 420 8 400-10 900 
1.0 per cent Totat DerorMATION STRENGTHS 
7 eee 1350 10 29 000-33 000 31 150 1266 27 400-35 000 
bas abril 10 25 000-28 000 26 450 1127 23 100-29 800 
et arelai wal 10 21 000-24 000 22 300 1052 19 100-25 500 
 oseinieaaiele 10 17 500-21 000 19 100 1158 15 600-22 600 
Os cea naa 1500 10 18 500-21 000 19 550 723 17 400-21 700 
Se dccananse 10 15 000-18 500 17 030 853 14 500-19 600 
10 13 000-16 200 14 870 782 12 500-17 200 
Crttaceadas 10 11 000-14 000 12 930 758 10 700-15 200 
I i wae whet 1650 10 13 500-16 500 15 350 777 13 000-17 700 
Didruveed ves 10 12 000-14 000 12 950 538 11 300-14 600 
Se 10 10 200-11 500 10 820 482 9 400-12 300 
10 8 400- 9 800 9 140 458 7 800-10 500 
0.5 per cent DerorMATION STRENGTHS 
Micskvdddand 1350 10 25 500-28 000 26 700 813 24 300-29 100 
ini wiansxe 10 21 000-24 000 22 900 1068 19 700-26 100 
__ Se F 1500 10 16 500-19 000 17 600 700 15 500-19 700 
Disksidecnas 10 14 000-17 000 15 350 839 12 000-18 000 
Dy antanaaa ial 1650 10 12 500-15 000 14 100 700 12 000-16 200 
Deiateoacuad 10 11 000-13 000 11 920 589 10 200-13 700 
10 9 100-10 800 10 050 | 467 8 600-11 500 
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TABLE XIII.—Concluded. 


Rupture or Total| Temper- Numbe: R in Rupt Average | Standard | Average + 3 Times 
‘Deformation ature, of ; or formation. Strength, Deviation, Standard Deviation, 
Time, hr deg Fahr Heats* Strength, psi psi psi psi 
0.2 per cent Totat DerorMaTION STRENGTHS 
ep aawiticenadl 1350 10 21 000-23 500 21 850 709 19 700-24 000 : 
Di akeeeseen 1500 10 14 000-15 500 14 600 538 13 000-16 200 7 
ESN 1650 10 10 000-12 500 11 750 813 9 300-14 200 - 
vas aneaners 10 9 400-10 800 9 900 §21 8 400-11 600 


1121 


* Number of heats for which data were available for indicated strength value. 


time than 300 hr; (3) in many cases 
creep rates were so high that deforma- 
tions of interest were exceeded in less 
than 1 hr; (4) the total extension to 
fracture was less than 2 per cent. 


Statistical Evaluation: 


The tensile and stress-rupture data 
were analyzed statistically insofar as it 
was considered legitimate from the data 
available. 

The range, average, and standard 
deviation were determined for each 
alloy for the tensile strength, yield 
strength, proportional limit, and elonga- 
tion values obtained from the tension 
tests. These values are shown in Table 
V, together with the maximum differ- 
ence in properties observed for one heat 
of the alloy. 

Similar values—range, average, and 
standard deviation—were obtained for 
all the stress-rupture strength data and 
for total deformation data where it was 
believed that sufficient data were avail- 
able to warrant statistical treatment. 
These values are given in Tables X to 
XIII, together with the number of heats 
used in the calculation and the spread 
in values obtained by using the average 
plus or minus three times the standard 
deviation (+3). 

In general, the data appeared to 
follow a rather normal frequency dis- 
tribution, and the agreement between 
the actual range in values determined 


and the probable range estimated by 
the average + 30 was fairly good. Thus 
it might be expected that the sample 
was representative of the universe, 
although a much larger sample wok 
be necessary to substantiate this state- 
ment. 

For the tensile data, the major ex- 
ception to this statement was the 
properties of the Inconel X sheet. The 
estimated range indicated that con- 
siderably higher strengths might be 
expected than were actually obtained. 

The agreement between the actual — 
and estimated ranges in rupture 
strengths was quite good, although the 
estimated range for Inconel X indicated 
that heats with considerably higher and 
lower strengths than actually were ob- 
tained might be expected, especially at 
1200 and 1350 F. é 


The statistical analysis of the il 


deformation strengths showed good 
agreement between actual and esti- 
mated ranges when sufficient data were 
available. However, it should be recog- 
nized that the heats for which no values 
were reported fall outside of the re- 
ported ranges and that the actual range 
in strength would be greater if sufficient 
data were available to establish these — 
points. 
It should be emphasized that the 
statistical evaluation is based on rupture 
and total deformation strengths ob- — 
tained from a plot of stress against 
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time for rupture or given total deforma- 
- tion, and that the values obtained from 
such plots are subject to statistical 
variation in themselves. That is, three 
to five tests run at a given temperature 
under different stresses were used to 
establish the stress-rupture or total 
deformation strengths, and since some 
scatter was observed for these points, 
the individual strengths for a single heat 
are subject to a plus or minus variation. 
However, since only three to five tests 
_ were run at each temperature and since 
these tests were obtained from somewhat 
widely spread locations within a single 
_ sheet, it was not thought feasible to 
- attempt a statistical analysis of each 
heat. Furthermore, the range in stress- 
rupture strengths obtained from the 
stress-parameter curves of Figs. 5 
through 8 where all the individual 
_ points are plotted is only slightly greater 
than that obtained using the values 
taken from the individual rupture 
strengths. 


DISCUSSION 


Data are presented on the ranges in 
rupture and total deformation strengths of 
commercially produced sheet of 18 Cr-8 
Ni (Ti) (Type 321), 18 Cr-8 Ni (Cb-Ta) 
(Type 347), N155, and Inconel X alloys for 
_ three time periods at three temperatures. 
Sample sheets from ten separate heats 
of each alloy were used. In general, 
these data represent a more complete 
- survey of the high-temperature proper- 
ties of a given product than is usually 
available. The additional statistical 
analysis shows designers rather com- 
pletely what to expect from the 

products. 

_ The reasons for the range in properties 
are not well established. The high- 
temperature properties of the alloys are 
known to be influenced by heat-treating 
temperatures, cold work, and variations 
in composition. Most studies of varia- 
bility also indicate that differences 


arise from working conditions prior to 
final heat treatment and from unidenti- 
fied heat-to-heat variations. In general, 
the interrelations of these variables 
make it very difficult to establish spe- 
cific causes. For these reasons, 
correlations between properties and 
compositions or tensile properties were 
not carried out. Any trends that might 
be indicated would have to be verified 
under more closely controlled conditions 
than were used for this study. 

In general, where test material was 
obtained from more than one source, 
the sheets from one source tended to 
show properties that grouped more 
closely than the total spread. This 
would be expected for an established 
practice in one plant. All of the sheets 
coming from one producer quite cer- 
tainly explains the small spread in 
properties for N155 alloy. On the other 
hand, all Inconel X sheets were also 
made by one producer. Inconel X, how- 
ever, is dependent on precipitation of 
compounds of nickel with aluminum + 
titanium for its high strength. Alloys 
exhibiting such precipitation reactions 
might be expected to be considerably 
more sensitive to prior history than the 
other alloys. Heat treatments of the 
other alloys mainly dissolve precipi- 
tated carbides and remove cold work. It 
will be noted that Inconel X, Heat 
Y4474X, which had the low tensile 
strength at room temperature, had 
about average properties at 1200 F and 
was on the high side of the range at 
1500 F. 

Due to space limitations, the actual 
test data are not included. In general, 
quite good stress-rupture time curves | 
were obtained. There was, however, | 
some scatter that appeared to be re- 
lated to slight variations in specimens 
taken from the different locations in the 
sheets. 

The stress - rupture time curves were 
not parallel to one another but were at 
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varying angles. This would be expected 
for the several possible metallurgical 
variations affecting the properties. The 
distinct nature of the individual stress - 
rupture time curves indicated metal- 
lurgical variation as the responsible 
cause of the spread in data and not 
sampling or testing variables. 

The properties at high temperatures 
are expressed in every case as the varia- 
tion in stress for rupture in a given time. 
It should be recognized, however, that 
the variation in time for rupture at a 
fixed stress was considerable. As men- 
tioned previously in the case of least 
scatter, N155, rupture times at 1350 F 
would have varied from 55 to 100 hr 
under the average stress for rupture in 
80 hr. In a more extreme case, that of 
Inconel X tested at 1200 F, the average 
stress for rupture in 80 hr gave times 
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DISCUSSION 


Messrs. C. W. M. J. 
(presented in written form).— 
It appears that this report has been mis- 
named. It is purported to be a “statistical 
evaluation” when actually it should 
perhaps be termed a “survey.” While we 
appreciate what the Aviation Panel of 
the ASTM-ASME Joint Committee on 
the Effect of Temperature on the Proper- 
ties of Metals and the authors were 
attempting to accomplish and are in 
sympathy with their aims, it is apparent 
that the treatment of the work reported 
falls far short of being statistical and does 
violence to what is known as statistical 
analysis. 

A statistical evaluation, if valid, will 
be reflected in the planning of the experi- 
mental program, in the appreciation of 


1 Assistant Professor and Associate Professor, 
respectively, Metallurgical Engineering, Uni- 
versity of Michigan, Ann Arbor, Mich. 
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from 24 to 350 hr. This condition arises 
from the rather flat slope of the usual 
log-log stress-rupture time curves. 
Furthermore, the variation between 
specimens from an individual sheet run 
at a constant stress would have been 
considerable, even though the average 
stress-rupture time curves were quite 
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the significance of statistical methods, 
and in the treatment of the data ob- 
tained. The present work appears to be 
deficient in all three of these respects. 
The authors treat the data from the 
ten heats of a given alloy as though they 
originated from the same statistical 
universe. This is something which cannot 
be assumed but must be proven mathe- 
matically from the results of properly 
planned tests. No knowledge of the 
relation of variances obtained at particu- 
lar temperatures and times for all heats 
of an alloy to the variance of the stress- 
time regression is derivable from the 
experimental procedure. The authors are 
aware that within-heat variance exists 
but do not associate this with the ob- 
served between-heat variance, The for- 
mer may be of the same magnitude as 
the latter. Some information exists on 
the extent of the variance in commercial 
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-aluminum.? If some estimate of the 


standard deviation in the rupture time 
at various stresses and temperatures had 
been obtained within heats, then a com- 
parison with the between-heat results by 
an analysis of variance would have made 
possible some concrete statements on the 
homogeneity of the alloys tested. It 
would appear that in the present case 
the decision to attempt a statistical 
analysis was not made until the work was 
completed. This is always a serious error 
since a properly planned program, carried 
out with the assistance of a statistician, 
will in the long run save much time, 
money, and effort, and yield much more 
useful information. 

The significance of statistical methods 
of analysis appears to have been lost to 
the authors in some instances. For 
example, their statement that the uni- 
verse is normal is a subjective conclusion 
based on samples of 10, a wholly inade- 
quate quantity to determine the form of 
any naturally occurring universe—in 
fact, as already mentioned, they have not 
ascertained the existence of a universe. 
The agreement between the actual range 
of the experimental data and the 3c limits 
is certainly to be expected, almost re- 
gardless of the nature of the universe. 
Tchebycheff’s inequality reveals that all 
of a sample of 9, as in the case of 


Inconel X, will fall within the 3 limits 


and that 9 out of a sample of 10 will do 
the same no matter what the nature of 
the parent distribution.* The somewhat 
more stringent Camp-Meidell require- 
ments of a unimodal distribution having 
the same mode and arithmetic mean 
show that all of a sample of 10 will fall 


_ within 3¢ limits. The projection of the 


2C. W. Phillips and M. J. Sinnott, “A 
Statistical Study of the Stress-Rupture Test,” 
Transactions, Am. Soc. Metals, Vol. 46, p. 63 
(1953). 

3 Manual on Quality Control of Materials, 
Am. Soc. Testing Mats., p. 23 (1951). (Issued 
as separate publication ASTM STP No. 15-C.) 
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observation that the experimental range 
falls within the 3¢ limits to the conclu- 
sion that the sampling technique is good 
is completely unwarranted. Similarly, 
the expectation that the Larson-Miller 
plots would reduce the number of tests 
necessary is without foundation. It is a 
basic fact in statistics that only by in- 
creasing the number of observations can 
the reliability of the measured property 
be increased, and this only when the 
measurements are obtainable from a 
single universe. Recasting the data using 
an empirical relation involving known 
variables (time and temperature) must 
inevitably increase the variance ob- 
tained, as was found by the authors. 
The omission of the original test data 
is most unfortunate, at least from the 
statistician’s point of view. Its presenta- 
tion would have made possible whatever 
statistical treatment the reader might 
desire. For example, the tension data, 
while scanty, could have been treated to 
reveal within-heat and between-heat 
variance and from this the homogeneity 
of variances. A complication which might 
arise is that if the room-temperature 
tensile strength does show that control 
exists, this does not necessarily indicate 
that control would exist in the creep- 
rupture properties at elevated tempera- 
tures. The authors’ observation that 
sheets from one source tended to show 
properties that grouped more closely 
than the total spread could have been 
checked quantitatively from an analysis 
of variance. The fact that all of the N-155 
alloy came from one producer in no way 
explains its small variance; the authors 
appear to reject the probability that it 
has a low intrinsic variance, while in the 
next sentence they accept the probability 
that the Inconel X has a high intrinsic 
variance. The authors’ reference to 
stress-rupture time curves as_ being 
“quite good” and as having a “distinct 
nature” are of course not based on 
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statistical calculations. As a matter of 
fact, the true function of statistics is to 
remove bias resulting from just such 
personal conclusions drawn from the 
observations. 

Finally, it would appear that the 
reasons for the range in properties, men- 
tioned in Discussion, are completely 
established. In all systems which are in- 
vestigated with respect to a particular 
property, many chance sources of vari- 
ation are operating simultaneously to 
affect the property. The number and 
magnitude of such chance causes combine 
to yield the range. Undoubtedly the 
factors mentioned are some of the un- 
assignable causes. Apparently the au- 
thors intended to say that those causes 
which probably contribute most to the 
variance are as yet unknown, and in this 
we certainly concur. The discovery of 
such variables is in effect one of the 
principal functions of the statistical 
method. The statement to the effect that 
the scatter in results is not due to 
sampling or testing variables is not true. 
The summation of chance variables to 
produce a property variation is the 
reason for the sampling—to reveal in as 
unbiased a way as possible such vari- 
ations. The metallurgical variables and 
testing variables are per se the com- 
ponents of the sampling variations. 

Mr. A. B. WitpEr‘ (by letter). —The 
creep-rupture data presented by Messrs. 
A. I. Rush and J. W. Freeman are very 
interesting. Although a limited amount 
of data are available for statistical 
analysis, it is seldom possible in the field 
of creep to make a comparison of a 
number of different heats of steel melted 
under similar conditions to a definite 
chemical range. The authors have made 
this comparison under the limitations 
outlined and therefore the results should 
be interpreted accordingly. On the basis 


4 Chief Metallurgist, National Tube Division 
U. 8. Steel Corp., Pittsburgh, Pa. 


DISCUSSION ON CREEP-RUPTURE PROPERTIES OF HEAT-RESISTANT ALLOYS 1125 


of the standard deviation obtained for 
rupture strength, it may be of interest 
to compare material used for seamless 
pipe with material in sheet form. 

The results in the accompanying Table 
XIV have been obtained for AISI 321 
and 347 steel before and after 10,000 hr 
exposure without stress at 1200 F. The 
material was in the annealed condition. 

The rupture strength before exposure 
is within the range of +30. After ex- 
posure there was a decrease in the rup- 
ture strength of the type 347 steel, but 
for all practical purposes it remained 
within 30 range. The type 321 steel 
behaved in a similar manner with the 


TABLE XIV.—STRESS RUPTURE 


PROPERTIES. 
Rupture or Deformation Strength, psi 
Rw 
ta 
Type 321 Type 347 
tion 
r | 


Before | 10 000 hr Before | 10 000 hr 
Exposure | Exposure | Exposure | Exposure 


ee 29 000 | 29 800 | 32 000 | 29 900 
ee 24 000 | 25 000 | 28 000 | 25 000 
Me vos 20 500 | 20 100 | 26 000 | 21 800 


exception that two of the rupture 
strength values slightly increased after 
exposure. 

Messrs. A. I. RusH AND J. W. FREE- 
MAN (authors’ closure).—Mr. Wilder’s 
data are a welcome addition to the data 
in the paper and indicate that the range 
in strength for type 347 reported covers 
the possible range for this alloy ex- 
tremely well, as the authors were well 
aware. 

The discussion by Phillips and Sinnott 
of the statistical aspects of the paper 
raised no points which had not been fully 
recognized. In order to develop a practi- 
cal program certain short cuts from the 
ideal statistical approach had to be used. 
The time and cost of the idealized pro- 
gram would have been astronomical. 
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Contrary to the discussers’ opinion, and 
for this very reason, extensive recourse 
to advice from statisticians was used by 
the Aviation Pane. in planning the pro- 
gram. The statistical groups consulted, 
however, had extensive experience in the 
application of statistical methods to 
creep-rupture data and were, therefore, 
aware of certain features of such tests 
that could be accepted without the pro- 
hibitive extensive testing programs 
deemed necessary by the discussers. 

Single sheets from individual heats 
were accepted as the best possible com- 
promise in obtaining typical samples of 
the alloys. Experience had established 
that variations in properties would be 
magnified to the greatest extent by this 
procedure. Any evaluation of within-heat 
variance would require that a number of 
sheets be tested for at least one heat 
from each producer. Most metallurgists, 
however, would be unwilling to accept 
such evaluation from only one heat from 
each producer inasmuch as the factors 
involved in within-heat variance could 
not be expected to be the same for all 
heats. 

The decision to use three to five tests 
at each temperature for evaluation of 
individual sheets was based on the ex- 
perience of statisticians working in the 
field. The derived stress-rupture time 
curve provides values for rupture in 
definite time periods which were as re- 
liable as those based on a number of tests 
at a single stress. The reliability of such 
values is further increased by similar 
curves at neighboring temperatures. The 
requirement that the family of curves 
should be consistent prevents abnormal 
results from unusual variations in prop- 
erties or testing techniques for indi- 
vidual specimens. 

The discussers do not accept the 
validity of this approach, probably due 
to inexperience with creep-rupture test- 
ing. Their cited variations for repeated 
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testing of commercial aluminum is so 
extreme that those experienced with the 
creep-rupture test cannot understand 
their data. Reproducibility of creep- 
rupture data is merely a function of the 
uniformity of test material and repro- 
ducibility of testing technique. The data 
cited must represent an extreme case of 
variability in either or both factors. If 
such variation had been present in the 
sheet materials studied for the paper, it 
would not have been possible to establish 
consistent stress-rupture time curves. 
No difficulty was encountered in select- 
ing stresses to give desired rupture time 
periods once two tests were available to 
establish the slopes of the stress-rupture 
time curves. The main variation between 
sheets of each alloy was in the slopes of 
the stress-rupture time curves, as would 
be expected from metallurgical con- 
siderations. Scatter of data from tests 
within each sheet was a minor factor. It 
turned out to be much less than the 
authors had anticipated at the time the 
investigation was undertaken. The fact 
that the stresses for rupture at specific 
time periods derived from the spread in 
test points at those times was the same 
as those derived from individual stress- 
rupture time curves further substantiates 
the validity of the stresses reported. No 
undue averaging by the stress-rupture - 
time curves was necessary. 

It should be pointed out in view of the 
discussion that the failure of the Miller- 
Larson parameter method to reduce 
testing was not due to the reason cited 
by the discussers. As was pointed out in 
the paper, each sheet had a characteristic 
stress-parameter curve at each tempera- 
ture which could not be predicted from 
one test at a given temperature or from 
several tests at one temperature. This 
curve is a function of the properties of 
each sheet and not of statistical variation 
within a given sheet. Or more properly, 
it is due to a limitation of the correlation 
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method between temperatures, rather 
than to any statistical feature. 

The criticism of the universe to which 
statistical treatments were applied is 

admittedly valid. The authors were fully 

aware of this and had carefully reviewed 
the treatment of the data with statis- 
ticians at the University. It is presumed 
that the discussers did not carefully read 
the interpretations of this feature of the 
paper. The degree to which the possible 
ranges in properties were covered by the 
samples of each alloy (the validity of the 
assumption that the universe was prop- 
erly represented) depends on the re- 

strictions of metallurgical variables im- 

posed by the applicable specifications. 

This is a very difficult matter to establish 

with the information at hand. 

From a purely metallurgical viewpoint 
the authors know the variables responsi- 
ble for the ranges in properties. The 
unknown factor is in the degree to which 
prior history, final treatments, and 
chemical composition are restricted by 
the specifications. The authors know 
that the ranges in properties for types 
321 and 347 were nearly the same as is 
usual for the alloys in any form. The 
authors, however, felt that it is possible 
under the specification to obtain both 
higher and, what is more important, 
lower values with certain production 
practices. For this reason, even though 
the samples appeared to follow a normal 
frequency distribution indicating possi- 
ble 3c limits of considerably greater 
confidence than the minimum of 88.9 per 
cent based on small sample statistics, the 

’ statement was made that a much larger 
sample would be required to verify this 
feature. 

In the case of Inconel X, the proba- 
bility of the sample being representative 
of a universe composed of material from 
all sources is much less. The strength 
values obtained were, in general, so far 
below the usual range for the alloy in 


other forms that it appears quite certain 
that the manufacturing practice of the 
single source represents certain features 
that could easily be altered by other ; 
sources or even, for that matter, by the ; 
producer represented. Thus, while a 
normal distribution of properties was 
obtained for Inconel X, it probably is 
mostly representative of a single estab- 4 
lished practice unless the restrictions of — 
the specification are unusually effective. a 
Certainly great care should be exercised 
in applying even the 3o limits of strength 
reported for Inconel X from other sources 
or after any subsequent treatments of 
sheet. 
In the case of the N-155 alloy, the 
values were on the high side of the range 
possible for the alloy. Again there is a 
serious question as to how well the 
samples represent those which might be 
obtained from all sources. The authors _ 
recognize that duplication of the practice _ 
of the producer represented would give 
strengths well within the limits cited. 
The question remains as to whether this 
would be attained in other sources. 
The statement that the low variance 
observed for N-155 alloy was due to all | 
of the sheets being obtained from one © 
supplier was not intended to reject the — 
possibility of low intrinsic variance con- __ 
tributing to the narrow range in proper- | 
ties observed. On the contrary, it was | 
pointed out that the Inconel-X material, — 
also received from a single supplier, 
exhibited a wide range in properties 
because it has high intrinsic variance as 
a result of the sensitivity of the Al + Ti 
precipitation hardening of the alloy to 
prior history and treatment conditions. 
On the other hand, the authors know 
from considerable research experience on 
the variables affecting the properties of 
N-155 that a wider range in properties 
is to be expected if the alloy were ob- 
tained from several sources, although 
produced to the same specification, __ 
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As previously mentioned considerable 
work was carried out with statisticians 
in preparation of the data. The authors, 
perhaps, were unduly conscious of the 
importance of the reliability of the lowest 
values reported. The engineer, particu- 
larly in using the data for critical appli- 
cations such as aircraft, is concerned 
with the possibility of obtaining unduly 
low-strength material. It is agreed that 
more precise treatment of the data by 
small sample methods would have per- 
mitted the calculation of more exact 
confidence limits. For example, the limits 
for 99 per cent confidence that the lowest 
expected value would not be below a 
minimum value could have been calcu- 
lated. However, in view of the scanty 
data and the authors’ knowledge of the 
materials, there was reluctance to imply 
more confidence in such limits than was 
perhaps warranted. Consequently, the 
admittedly rough but commonly re- 
ported 3¢ limits were used. Additional 


possible treatment of the data from the 
viewpoint of reliability of the average 
values, such as was done by Harold F. 
Dodge in the Marburg lecture’ was 
omitted because the authors felt that 
attention should be placed on the lower 
values rather than on the average. 

Those familiar with the practical 
problems of obtaining extensive creep- 
rupture data will recognize that the 
paper presents data which statistically 
defines the ranges in properties for four 
commercial alloys in sheet form far more 
completely than has ever been done 
previously. From a purely statistical 
viewpoint, there are a number of short- 
comings. However, these represent the 
best possible compromises based on 
statistical considerations for a practical 
testing program. Insofar as creep-rupture 
properties are concerned the paper 
certainly warrants the term “Statistical 
Evaluation” in the title. 


5 See p. 603 this publication. 
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INVESTIGATIONS RELATING TO THE USE OF FLY ASH AS A 
_ POZZOLANIC MATERIAL AND AS AN ADMIXTURE IN 


PORTLAND-CEMENT CONCRETE* 
By L. Jonny Minnicx! 


This report summarizes the results of 
a number of investigations on the use of 
fly ash as a pozzolanic material and as 
an admixture in portland cement con- 
crete. The studies were also designed to 
develop information on numerous tech- 
nical questions that had been raised by 
ASTM members. 

The report includes round-robin tests 
which were set up to assist in the evalua- 
tion of specifications and methods of 
tests being considered by ASTM com- 
mittees, particularly the Sponsoring 
Committee for Blended Cements, a sub- 
committee of C-1, and Subcommittee 
III-h on Methods of Testing and Spec- 
ifications for Admixtures of Committee 
C-9. In addition, various independent 
studies are reported which were carried 
out by ASTM members and other test 
engineers. 

The Corps of Engineers, U. S. Army, 
has carried out an extensive program 
which has a direct bearing on the round- 
robin tests mentioned above, since sev- 
eral of the same sources of fly ash were 
used in both programs. The Corps of 

_ Engineers has kindly provided some of 
its data for inclusion in this report. The 
Bureau of Reclamation also carried out 
a group of tests on a large number of 
fly ash samples and submitted the results 
to ASTM committees; some of its data 
are also reproduced in this report. 

* Presented at the Sitpcoventh Annual Meeting of 


the Society, June 13-18, 
1G. & W. H. came . Plymouth Meeting, Pa. 


The present report also includes in- 
formation taken from a comprehensive 
compilation of data that was submitted 
by the author in June, 1948, to ASTM 
Committees C-1 on Cement, C-9 on 
Concrete and Concrete Aggregates, C-12 
on Mortars for Unit Masonry, C-13 on 
Concrete Pipe, and C-15 on Manufac- 
tured Masonry Units. That compilation 
contained a considerable amount of 
available technical information that had 
been accumulated over a period of some 
20 to 30 years pertaining to the use of 
fly ash in portland cement compositions 
for structural concrete, concrete pipe, 
and masonry units. Some data were also 
included showing the effect of intergrind- 
ing fly ash with portland cement clinker, 
but most of the information referred to 
the use of fly ash as an admixture to or 
merely blended with the cement and 
other constituents of the compositions. 


Results of freezing-and-thawing tests 


that were run on specimens of concrete 
containing fly ash, both with and without 
additions of air-entraining agents, were 
reported. 

The results are presented in condensed 
form. The numerical data given in the 
tables have been reduced to a minimum, 
and only the average values are indi- 
cated. Where possible the use of graphical 
methods has been employed. No attempt 
has been made to make the identification 
of the sources of information complete, 
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_ although in most cases the references are 
listed. 

OUTLINE OF INVESTIGATIONS 
AND RESULTS 


In order to simplify the presentation, 
the results have been arranged into four 
sections. The methods of test are basi- 

— cally those described in ASTM Method 
-C 311 - 53 T? except where otherwise 
noted. There are certain observations 
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be used as a basis of evaluation. It is 
necessary to consider each individual 
property in the light of all other proper- 
ties. 

4. It is evident from the results that 
some of the tests are not essential to the 
evaluation of fly ash as an admixture in 
concrete or as a pozzolanic material. It is 
expected that ultimately the specifica- 
tions will be simplified and will include 
only those items that relate directly to 


TABLE I.—RESULTS OF CHEMICAL ANALYSES IN ROUND-ROBIN TESTS ByALTATG THE PROPOSED 
SPECIFICATION FOR FLY ASH AS AN ADMIXTURE IN CONCRET 


; | Exchang- 
Chemical Analysis, per cent Loss on Moisture, Fixed poem 
Sample Ignition, Carbon, | jy. li 
rcent | Percent | per cent 

SiOz | | FexOs | CaO | MgO | SOs | per cent 
44.17 28.65 17.28 2.79 0.89 0.39 4.97 0.21 4. 1.02 
39.74 27.17 12.29 1.89 0.55 0.57 17.94 0.38 16.93 0.82 
36.46 25.34 19.01 4.97 0.84 0.54 14.48 0.28 12.12 ns 
47.44 30.39 13.89 1.82 0.79 0.23 4.74 0.23 3. 1.21 
41.75 25.09 6.62 0.99 0.86 0.54 19.51 0.36 18.18 1.79 
49.53 26.92 10.75 1.28 1.05 0.28 4.36 0.14 3.89 1.40 
38.98 26.24 15.46 5.99 0.99 1.18 8.46 0.33 6.84 2.22 
34.01 20.15 26.43 7.66 1.63 1.34 4.72 0.41 3.91 1.39 
36.31 27.05 18.08 3.93 1.31 0.49 14.49 0.24 13.73 aS 
36.70 23.13 22.67 7.06 1.01 1.24 6.15 0.28 5.41 1.18 
43.22 27.92 15.89 2.22 1.06 0.38 7.78 0.20 7.12 SP 
47.32 27.61 9.64 1.42 0.68 0.43 10.03 0.32 8.70 1.54 
46.54 19.67 18.20 5.28 1.19 2.81 2.58 0.41 0.89 2.98 
41.76 17.50 18.49 9.68 1.06 3.59 2.34 0.47 1.42 stati 
45.45 17.60 20.03 7.52 1.16 2.73 1.77 0.27 0.82 3.98 
47.54 20.81 19.22 4.26 1.20 2.26 1.49 0.44 0.56 3.04 
43.94 22.58 19.62 1.58 0.71 0.46 9.37 0.25 8.83 1.95 
47.71 28.73 10.63 1.43 0.66 0.60 8.51 0.35 5.89 1.66 
43.72 22.22 22.87 2.89 1.14 0.76 4.34 0.30 3.36 1.19 
45.73 25.22 18.35 3.00 0.96 0.55 3.75 0.47 3.43 eee 


4 Part 3. Results a are ave! 


June 17, 1952, 


which may be made in connection with 
the data as follows: 

1. The results when plotted show, in 
a number of cases, poor correlation be- 
tween the variables being considered. 
Nevertheless, these particular graphs are 
included since they answer questions that 
have been raised. 

2. The differences obtained in the re- 
sults are primarily one of degree, there 
being no sharp demarcation between so- 
called unsatisfactory and satisfactory 
materials. 

3. No single property of fly ash can 
4 * Tentative Methods of Test for Fly Ash as 


an Admix- 
ture for Portland Cement Concrete (C 311 - 53 37), 1953 
Supplement to Book of ASTM Standards, Part 3. 


Norz.—Samples tested in accordance with ASTM Method git. 1953 
rages of values obtained by cooperating la! 
committee III-h of Committee C-9, Feb. 29, 1952, and Subcommittee of C-1, Sponsoring Committee on Blended Cements, 


plement to Book of ASTM Standards, 


boratories. For complete results, see reports to Sub- 


the effect of fly ash in portland cement 
or in lime compositions. These may in- 
clude such items as the water require- 
ment, compressive strength, reduction in 
mortar bar expansion, and perhaps loss 
on ignition. 


Cooperative Tests: 


The cooperative tests that were run on 
fly ash were carried out chiefly by five 
cooperating laboratories with supporting 
tests from several other individuals and 
organizations.* The samples of fly ash 
that were used in the study were supplied 


+A complete list of Stemntesins and individuals is 
found at the end of this report. 
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S 
] TABLE II. RESULTS OF PHYSICAL TESTS OF TESTS THE PROPOSED 
SPECIFICATION FOR FLY ASH AS AN ADMIXTURE IN CONCRETE. 
Fineness 
Sieve Sizes, Per Cent Retained Specific Secctie | Weter Re- Reduction 
t Sample Surface Mortar 
Blaine, sq ravity |quiremen Expansion 
p 8 16 30 50 100 325 cm per g 
1 
0.07 0.43 2.23 8.33 31.64 3155 2.31 103.1 59.5 
S 0.07 0.20 0.42 3.23 22.30 5394 2.28 107.7 55.4 
0.04 0.10 0.61 5.12 33.02 3780 2.26 104.6 59.6 
4 0 0.03 0.21 3.21 23.04 3566 2.24 101.0 47.5 
2 0.02 0.13 0.38 3.21 25.90 5379 2.14 112.3 65.5 
) 0 0.01 0.15 4.36 37.59 3218 2.18 103.0 ; 50.8 
0.01 0.19 0.84 2.79 20.70 3848 2.48 98.3 46.3 
0.01 0.05 0.36 1.14 10.84 3372 2.63 96.4 65.0 
) 0.01 0.08 0.32 1.73 49 3200 2.34 106.0 38.0 
0.01 0.03 0.75 4.60 29.10 2913 2.46 102.2 62.3 
/ 0.02 0.10 0.58 4.44 24.00 4040 2.35 99.3 57.0 
; 0.04 0.10 1.17 4.11 29.05 4545 2.20 105.4 65.8 
0.55 1.32 2.32 3.83 12.33 4405 2.53 91.6 73.7 
0.55 0.96 1.73 3.73 11.54 3955 2.50 91.0 “ae 
0.05 0.20 0.60 1.35 8.10 3543 2.52 90.3 60.0 
0.23 0.48 0.92 2.74 11.14 3 2.49 90.1 67.7 
0.04 0.09 0.75 3.29 16.36 3214 2.40 101.4 66.2 
0.01 0.02 0.12 6.60 26.41 361! 2.18 103.1 64.5 
0 0.01 0.03 0.82 19.25 3233 2.51 101.0 65.9 
0.01 0.04 0.18 1.73 20.13 3165 2.40 99.5 eee 
Norte.—See Note on Table I. 
* 35 per cent replacement of portland cement, 
Per Cent of Strength of Non-Fly Ash Mix Used in Compressive Strength Tests 
25 Per Cent 
F — 35 Per Cent Replacement Replacement 
Cured 28 
Cured 72 F Cured 100 F “100F; | 28 Days, 
2 Months, 100 F 
28 Days {3Months| 7Days | 14Days | 28 Days’ | 90 Days 72F 
82.2 57.4 77.5 80.1 81.3 91.7 94.4 
78.0 59.0 63.0 74.2 72.1 79.7 85.3 
‘ne 85.6 ewe 96.6 90.7 
39.4 63.5 58.6 67.4 91.3 
71.0 50.9 64.1 80.8 80.5 78.5 78.6 
ese 102.0 77.2 101.2 “en 108.0 108.2 
102.8 63.5 82.4 101.8 102.4 99.8 101.1 
77.6 45.5 62.8 82.3 84.6 86.2 91.8 
46.5 85.3 84.2 93.9 
84.7 53.1 74.1 80.7 90.6 95.4 105.7 
one ose 91.1 92.6 100.4 
a 90.3 103.4 106.9 vee 116.0 121.5 
102.8 75.7 94.9 102.0 111.7 93.6 114.0 
98.1 eee 113.9 120.4 
109.8 77.9 101.1 115.4 116.3 119.7 119.3 
99.2 61.0 85.4 88.3 110.0 95.2 99.6 
80.9 55.7 79.8 82.4 96.8 86.5 90.1 
ose 93.6 76.5 95.1 
90.4 69.9 85.8 93.0 96.5 97.1 89.8 


> These values are the pozzolanic strength index values used in the graphs. 
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Fic. 1.—Effect of Loss on Ignition of Fly Ash on the Compressive Strength (Pozzolanic Strength 
Index) of Fly Ash Portland-Cement Mortar Cubes. 
Age—28 days, cured at 100 F. 
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Fic. 2.—Effect of Fineness of Fly Ash on the Compressive Strength (Pozzolanic Strength Index) 
of Fly Ash Portland-Cement Mortar Cubes. re 
Age—28 days, cured at 100 F. 
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Fic. 3.—Relationship of Various Chemical Constituents of Fly Ash to the Com 
(Pozzolanic Strength Index) of Fly Ash Portland Cement Mortar Cubes. 


Age—28 days, cured at 100 F. 
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Reduction in mortor expansion, per cent 
Fic. 4.—Relationship between Alkali and 


by a number of public utilities. This 
program ultimately divided itself into 
four main parts: 

(a) Physical and chemical tests made 
in accordance with the Tentative 
Methods C 311. 

(6) Physical tests evaluating proposed 
specifications for blended portland-fly 
ash cement. 

(c) Supplementary tests on concrete 
using fly ash primarily as an admixture 


4 The companies supplying fly ash are listed at the end 
of this report. 
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Fic. 5.—Relationship Between MgO and Compressive Strength (Pozzolanic Strength Index). 
Age—28 days, cured at 100 F. 
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Fic. 6.—Relationship Between H.O Requirement and Compressive Strength (Pozzolanic Strength 
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Fic. 7.—Effect of Curing Conditions on the Compressive Strength of Mortar Cubes. 
Portland cement replaced with bony + volume of om. 


1—25 per cent replacement cured at 1 

2—35 per cent replacement cured at 100 i 
3—25 per cent replacement cured at 73 F. 
4—35 per cent replacement cured at 73 F. 


(tested in accordance with ASTM Spec- 
ification C 226-52 T).5 

(d) Supplementary chemical and phys- 
ical tests that were carried out in order 
to answer questions raised by committee 


_members. These questions related to such 


matters as the effect of fineness, ignition 
loss, SO; content, alkali content, MgO 
content, water requirement, silica, and 
alumina of the fly ash on the perform- 
ance of both portland cement mortar and 
concrete. Questions concerned with the 
effect of fly ash on air content, durability, 
shrinkage, strength, and pozzolanic ac- 
tivity were also considered. In addition, 
the variations in test procedures were 
studied—for example, determination of 
proper method of storage for the cubes 
Tentative for Air-Entraining Additions 
for Use in_the of Air-Entraining Portland 
Cement (C 2 1952 Book of ASTM Standards. 


TABLE III.—AN. AL OF PORTLAND CEMENT 
USED BY COOPERATING FOR 
PORTLAND-FLY ASH CEMENT TESTS 


| Type I | Type II 


CHEMICAL CONSTITUENTS, PER CENT 


19.78 21.46 
2.50 4.08 
6.10 4.92 
63.70 62.25 
3.53 3.66 
2.17 1.94 
1.04 0.57 
98.82 98.88 
7.6 12.4 
12.0 6.2 J 
GS.... 13.0 27.2 
58.0 45.7 
3.7 3.3 
PROPERTIES 
Water, per cent............ 73 71 
Air, per 7.9 9.6 
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TABLE IV.—RESULTS OF ROUND-ROBIN TESTS EVALUATING Rt PROPOSED 
SPECIFICATION FOR PORTLAND-FLY ASH CEMENT 


. Mortar Cubes Compress 
Fineness Time of Set Strength (73 F), 1 del Mont, psi 
vom Fly Ash Specific Surface (SOs, g 
z 325 Sieve, Air Permeability per liter) an da: 
Retained sqem | p 
per g orosity 
Tyre IF* 
a 
3535 0.50 1:15 3:50 2273 2721 3970 
2 17.25 3430 0.50 4:43 8:70 0.00 1275 1960 2957 
. 11.64 owe 0.50 1:40 4:40 0.03 1500 2326 3584 
a 19.6 ane 0.52 2:45 5:45 0.03 1165 
13.6 3690 0.50 0.00 1452 2077 2735 
17.25 3730 0.51 2:40 6:15 0.06 1676 2914 
8.20 - mee 4:15 8:00 0.00 | 1008 1900 3275 
13.19 3970 0.53 1:05 4:15 0.00 1077 1735 2 
4.4 34 0.50 6:30 11:00 0.00 1407 2139 2775 
17.70 3:30 7:30 0.00 1367 2383 3708 
11.95 3645 0.50 3:35 7:43 0.17 1691 2481 3627 
14.15 3585 0.51 2:54 6:19 0.02 816 1754 2959 
11.80 3860 0.51 3:20 5:35 0.01 1510 2862 
15.25 3660 0.50 4:73 8:30 0.00 1340 9 3525 
15.34 3700 0.48 1:38 4:03 0.02 1621 1721 2990 
13.20 3670 0.48 4:15 6:95 0.53 1596 2366 3612 
19.7 a om 3:15 7:00 0.37 1592 2567 3775 
11.95 3905 0.48 3:33 6:65 0.06 1410 2091 3131 
14.00 3320 0.5 4:13 8:07 0.00 50 2055 
4.96 ae ‘ie 1:45 4:45 0.05 1520 1770 3875 
12.40 —_ —_ 3:50 5:05 0.07 697 1008 
15.0 4100 0.51 2:23 5:45 0.05 1329 1754 3019 
12.4 3350 0.5 6:25 9:40 0.00 1523 2363 3 
14.60 0.5 3:60 7:80 0.00 1397 2271 3405 
Tyre IIF* 
oF ee 3470 0.50 1:20 3:50 i 1556 2277 3105 
Baas 18.85 3290 0.50 3:45 7:30 0.00 1407 2270 
» 3 8.06 ane oa 3:40 5:10 0.11 466 1008 
2. 14.40 3590 0.50 | 2568 
3. 18.25 3680 0.52 3:12 6:42 0.02 636 | 1086 1966 
= * 20.7 ee wore 4:30 8:30 0.02 733 1233 2342 
5. 18.67 a ace 1:45 5:00 0.02 390 790 1799 
14.7 3360 0.50 ong 0.00 1297 2150 
20.2 0.14 875 1342 2750 
8. 12.62 3290 0.48 1:25 5:10 0.20 5 1424 301 
9. 16.31 3050 0.5 2:00 4:45 0.02 670 1104 1920 
10. 15.30 niin ee: 1:30 4:25 0.05 972 1535 1824 
‘ = 16.35 3470 0. 3:30 7:15 0.02 780 1515 2633 
13.2 was 1:50 4:50 0.04 1111 1418 2300 
Hib keecanencad 14.55 3480 0.48 4:00 7:30 0.86 1125 1773 3020 
22.20 wine 0.86 1708 
. we 10.48 3510 0.48 2:45 4:15 0.26 1294 1788 3197 
16-40%... 16.70 1.53 1183 1631 
+ ae 15.40 3255 0.50 3:15 7:15 0.01 899 1336 2352 
. 17-10%... ..... 11.50 oie 3:20 5:20 0.03 1670 2424 
. 17 lo-- 8.30 3:15 5:00 0.05 602 1543 
17.89 3:10 5:47 0.02 891 1275 2190 
12.8 3290 0.50 0.00 933 1460 2625 
16.2 3370 0.90 3:30 7:30 0.02 845 1315 2433 


* Tests run on mixture of type I portland cement and fly ash; 75 per cent cement and 25 per cent fly ash by weight 
unless otherwise noted. 

Methods of Tests: Proposed Specification for Portland-Fly ash Cement, Sponsoring Committee on Blended Cements, 
C-1, October, 1951; ond od € 20; Ca sections of the following ASTM requirements: sieve fineness, Method C 115; air perme- 
ability fineness, Meth 4, Tentative Specification C 264; compressive strength, Method C 109; 1952 Book of 


— 
No 
No 
Ne 
Ne 
Ne 
Ne 
Ne 
Ne 
Ne 
N 
N 
N 
‘4 
We. 
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.—-FURTHER RESULTS OF ROUND-ROBIN TESTS EvaLcATEO THE PROPOSED 
SPECIFICATION FOR PORTLAND-FLY ASH CEME) 


Type IF Type IIF 
Fly Ash ei Mortar Air Content pon Mester Air Contant 
Expansion vel Expansion vel 

0.068 0.003 0.022 
4.2 ode 6.5 
ove 6.0 
0.092 0.003 (—) 7.0 0.032 eoe 6.0 
0.066 0.010 wee 
0.100 6.5 0.046 6.0 
0.009 {=} 5.0 ane 
0.074 0.003 (—) 6.5 0.022 wae 
0.068 0.003 (—) awe 0.019 
0.051 0.006 (—) 0.006 
0.057 eee 0.005 eee 
oti 0.000 6.5 ene eee 8.5 
0.005 0.025 (—) see os 
0.070 0.003 (—) ows 0.012 ~ 
one 5 eee 6.0 
4.5 ame 5.5 
0.076 7.0 0.015 7.4 
oss | | | 


Methods of Tests: Proposed Specification for Portland-Fly Ash Cement, Sponsoring Committee on Blended Cements 
C-1, "Gescaes 1951; and applicable sections of the following requirements: autoclave, Method C 151; air content’ 
Tentative Method C 185; 1952 Book of ASTM Standards, Part 3. 


TABLE VI.—RESULTS OF FLY ASH CONCRETE TESTS. 
Average Compressive Strength Results Flexural Strength 
Sample Ignition 
| Control, | Control, Control, 
7 day, psi per cent 28 day, psi per cent 28 day, psi per cent 
ove 2235 3176 658 
975 43.7 2088 65.7 
12.46 1297 58.2 2297 72.3 535 81.5 
4.28 1533 68.8 2054 64.7 535 81.5 
17.97 1378 61.9 2530 79.8 508 77.4 
4.49 1388 62.2 2520 79.4 485 73.8 
4.61 1333 59.8 500 78.8 453 69.0 
14.50 1418 64.2 2273 71.6 $23 79.5 
6.07 1183 53.1 2513 79.2 505 77.0 
10.03 1240 54.3 2343 73.4 488 74.2 
1.50 1683 75.8 2756 86.8 528 80.4 
9.57 1553 68.8 2695 85.2 563 85.6 
6.51 1462 66.0 2606 82.2 510 77.6 
4.34 1603 72.0 2983 94.0 550 83.8 
3.75 1613 72.2 2463 77.7 495 75.5 
2025 90.8 3430 108.0 
713 31.9 1443 45.6 
1673 75.0 2957 93.3 
1767 78.4 2830 89.4 


Nore.—Control mix and methods of test in accordance with ASTM Tentative Specification C 226, 1952 Book of ASTM : 
Standards, Part 3. Fly ash concrete mixes made with a 25 per cent replacement by weight of cement unless otherwise 
noted. 

225 per cent cement taken out—not replaced. 


10 per cent replacement. ee 
© 40 per cent replacement. 


| 
ail 
‘TABLE \ 
3 
Contro 
4 No. 1 | 
No. 1- | 
No. 1- 
No, 2 | 
No. 3 | | 
No. 4 a 
No. 5 | 
No. 6 | 
No. 7 
No. 8 | | | 
No. 9 | | 
No. 10 | | 
No. 11 | 
No. 12 | 
No. 13 : 
No. 14 
No. 15 
0. 
No. 18 | 
No. 19 
Ph. 
Contr 
No. 
No. 
No. 4 
No. ! 
No. | 
No. 
No. 
No. i 
No. 1 
No 1 
No. 1 ! 
No. 1 | 
No. 1 | 
| No. 2 
No. 1 
| No. 1 | | 
No. 1 | 
No. 1 
= 
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being tested for pozzolanic strength in- 
dex, methods for preparing samples for 


chemical analyses, proper conditions for 
fusion of the sample, and the like. 
Round-Robin Tests Run in Accordance 


Os with the Proposed Standards—tThe re- 
sults of the chemical analyses are given 
in Table I. The physical tests are listed 


in Table II. In order to assist in the 
interpretation of the physical tests, the 
use of graphical presentation has been 


employed (Figs. 1 to 7). Each point is 
numbered with the sample designation 


90 


obtained from at least two laboratories, 


Fic. 8.—Relationship Between Ignition Loss and much of it represents an average 


of Fly Ash and Compressive Strength of Concrete. value from five laboratories. In general, 
See Nese ‘Table VI an proportions. the agreement between laboratories was 


corresponding to that used in Tables I 
- #4 ‘and II. The data represent check values 


good (with the exception of the tests for 
reduction in mortar expansion). 


@ 


Flexural Strength, per cent of control 


60 


2000 


cured a 


Fic. 9. Pecacreeneny Between Fineness of Fly Ash and Flexural Strength of Concrete. 


See Notes in Table VI vis proportions. 


3000 4000 5000 
Fineness, 8q. cm. per g. 
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or 
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8 
he % Ov Os 
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on 
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S, 
as 
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2000 3000 4000 5000 


Fineness, sq. cm. per g. 
Fic. 10.—Relationship Between Fineness of Fly Ash and Compressive Strength of Concrete. 


Age—28 days, cured at 70 F. 
See Note in Table VI for mix proportions. 


9 
33 6(T. 8 
30 
70 
a § 4 
} 
3 6 
o 50 
We 50 60 70 80 90 100 120 


Compressive Strength of Mortar, per cent of control 


Fic. 11.—Relationship Between the Compressive Strength of Concrete and the Compressive 
Strength of Mortar. 
Concrete aged 28 days, cured at 70 F; mortar aged 28 days, cured at 100 F (pozzolanic strength index). 
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Tables III, IV, and V summarize the same samples of fly ash listed in Tables 
} _ results that have been obtained in con- I and II. 
f / 


3 


Flexural Strength, psi 


Compressive Strength, psi. 
3 


700 


20 30 ° 10 20 


Send Replacement, per cent 
Fic. 12.—Effect of Replacing Sand with Fly Ash on Compressive Strength of Concrete. 


(a) Concrete containing 6.2 sacks (6) Concrete containing 6.25 sacks (c) Concrete containing 2.6 sack 


cement per yard. cement per yard. cement per yard. 
Age—28 an. cured at 73 F. Age—28 days, cured at 73 F. Age—28 days, cured at 73 F. 
6- by 12-in. cylinders. 6- by 6- by 24-in. beams. 6- by 12-in. cylinders. 
Point X represents 7 sack con- Point Y represents 7 sack con- 

crete, no fly ash. crete, no fly 


500 


400 


Or 


300 


Quontity of Agent, per cent of control 


8 
lol 
100 


Nn 
> 


6 


nection with a proposed specification for 
a blended portland-fly ash cement.® This 
study, which was also carried out by the 
round-robin group, was made on the 


® Proposed Specification for Portland-Fly Ash Cement, 
Spenears Committee on Blended Cements of Committee 
-1, October, 1951. 


Supplementary valuation Tests.— 
Many tests and surveys have been made 
to develop pertinent information relating 
to the use of fly ash with portland cement 
compositions. The most important of 
these considerations are summarized here 


ash. 
17 
(09 
a 
8 10 12 14 16 


Fixed Carbon, per cent 


Fic. 13.—Relationship Between Carbon Content of Fly Ash and Amount of Air-Entraining Agent 
Required in Fly Ash Portland Cement Mortars to Produce 18 per cent Air. 


These tests were on mixtures in which 35 per cent of the portland cement was replaced with an equal volume of fly ash. 


wp 


— aa 
| ac 
—— 


4 


MINNICK ON Fry AsH IN CONCRETE 


800 


70 


40 ro) 


Quantity of Agent, per cent of control 


2 4 6 8 10 12 14 16 5 
Fixed Corbon, per cent 


Fic. 14.—Relationship Between Carbon Content of Fly Ash and Amount of Air-Entraining Agent 
Required in Fly Ash Concrete to Produce 4.5 per cent Air. 
The total sayseante for all batches consisted of 50 per cent coarse aggregate (Lincoln sandstone) and 50 per cent fine 


aggregate (Kaw River sand). The basic mix was designed to have a cement factor of 5.5 sacks per cu yd. In the test mixes, 
25 per cent by absolute volume of portland cement was replaced by fly ash. 


in condensed form: 

(a) Concrete Tests—Table VI gives 
the results obtained from the studies that 
were made on concrete. Figures 8 to 10 
show the concrete results plotted graphi- 
cally against the information obtained 
from other studies. Figure 11 shows a 
comparison that has been made with 
mortar specimens mentioned previously. 
Typical results obtained from additions 
of fly ash to concrete in which the fly ash 7 
replaces sand rather than cement are 0 TO) 
shown in Fig. 12. Concrete tests in which ‘ 
air-entraining agents were employed are 
listed in the following section. 

(b) Effect of Fly Ash on Entrained Air. ° 
—A summary of pertinent information ss 
relating to the effect of loss on ignition 
of fly ash on the air content of both Entrained ‘Air Fly Postland 
mortars and concrete is given in Figs. ment Mortars. 

13 to 18 and Table VII. The information 
on air 


Entroined Air, per cent 


Q 


4 8 12 16 


ASTM ye C 185 - Pad 
ss : 25 per cent o! rtland cement replace equal abso- 
-entraining agents was supplied by jute volume of fly ash. atta ; 


les 
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ASTM Tentative Method C 185 - 49 T. 
25 per cent of portland cement 


five different laboratories, although each 
laboratory used a different air-entraining 
agent. Additional information on the use 
of fly ash with air-entraining agents is 
included below under Durability. 

(c) Pozzolanic Strength Index Test.— 
Some of the data presented above (Figs. 
1 to 3, 5, 6, and 11) refers to compressive 
strength mortar tests made at 100 F on 
specimens cured in sealed cans for 28 
days with 35 per cent of the cement 
replaced by an equal absolute volume of 
fly ash. When the compressive strength 
is calculated as the per cent of a control 
mix which does not contain fly ash, the 
result is referred to as “pozzolanic 
strength index” or as given in ASTM 
Method C 311-53 T “strength index.” 
Additional data were obtained from tests 


run by the round-robin laboratories at 


higher cement contents and for different 
conditions of curing; these are presented 


in Fig. 7. A survey was also made to 


determine the type container that should 
be used for this test. For this particular 


4000 
Fineness, 8q@ cm per ¢ 


Fic. 16.—Effect of Fineness of Fly Ash on Entrained Air in Fly Ash Portland Cement Mortars. 
replaced by equal absolute volume of fly ash. 


Te 
is 
LIZ 


6 
} 
0.02 004 006 G08 OIO 
Quantity of Agent, per cent 
Fic. 17.—Effect of Air-Entraining Agent on 


Entrained Air in Fly Ash Portland Cement Mor- 


tars. 


ASTM Tentative Method C 185 - 49 T. 


25 per cent of 
solute volume of 


Pn ogy cement replaced by equal ab- 
ly ash. 


= Fly Ash Sample’No. 17. 
y = Fly Ash Sample"No. 5. 
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investigation, mortar specimens were 
prepared and cured in tight fitting sealed 
containers (as specified in ASTM 


Method C 311-53 T), fruit jars, large- 
sized closed containers, and an open 
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4143 


tank which permitted the specimens to 
be immersed under water. The data for 
the latter program are not included 
herein, but the results indicated that the 
tightly sealed closed containers gave 


© 
i = 
o 5 6 7 8 9 10 


Loss on ignition, per cent 


Fic. 18.—Fly Ash Concrete Plant Data Showing Relationship Between Loss on Ignition of Fly 
Ash ane Air Content of Commercially Produced Concrete. 
Data supplied by Batch Plant, G. & W. H. Corson, Inc. 


TABLE VII.—EFFECT OF AIR-ENTRAINING AGENTS ON FLY ASH CONCRETE. 


Air-En- 
r En- training 
Cement,lb| training | Air-Entraining | Agent for | Air, jn,| Carbon, | Fineness, 
per cu yd | Agent, oz ent Used | 4.5 per cent| per cent P, per.cent a Dap 
per cu yd r, 0z per.g 
per cu yd 
Control 540 11.4 Sika Aer a 9.54 6 oe 
Control i) 470 5.3 Darex 3.1 8.0 4 ae 
B). 470 2.6 Darex 3.8 2 
397.5 11.4 Sika Aer 5.5 2.5 15.38 
NC ; rere 355 12.3 Darex 16.3 3.2 5 14.5 3200 
No. 9 355 9.6 Darex ome 2.3 3.5 14.5 3200 
No. 10 397.5 11.4 Sika Aer ike 8.9 4 6.04 ane 
No. 10 355 5.3 Darex 5.5 4.3 3 6.07 2724 
No. 16 397.5 11.4 Sika Aer A 5.3 8 1.32 art 
No. 16 355 5.3 Darex 2.4 7.2 3.5 1.5 3443 
No. 16 355 2.8 Darex 5.6 5 1.5 3443 


otg.—All fly ash mixes using “Sika Aer” air-entraining agent have saint 25 per cent of the cement in control 
mix XT with poe absolute volume of fly ash. 
fly ash mixes using ‘“‘Darex”’ air-entraining agent have replaced 25 per cent of the cement in control mix (B) with 
equal absolute volume of fly ash. 


ie 


more consistent results and better agree- 
ment between laboratories. For this 
reason, they have been proposed as the 
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zolanic strength index test, mortar spec- 


imens have been prepared using ASTM 
Method C.109 - 52? except that 25 per 


ee Tests (25 per cent). 
‘ for 7 days. 
28 days. 


200 
(a) (b) 8 
‘ou 19 
17 One, a 
Cow 
ve ‘or 
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253 5 
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COMPRESSIVE STRENGTH, PER CENT OF CONTROL 
CEMENT REPLACEMENT 
Fic. 19.—Relationship Between Strengths of Cement Replacement Tests (35 per cent) and Sand 
a) Cement replacement tests cured at 100 F for 28 days. Sand replacement tests cured at 73 F 


_ (b) Cement replacement tests cured at 100 F for 28 days. Sand replacement tests cured at 73 F 


_ 200 
(a) | (b) 

18 

50 


2 6 10 14 18 22 26 
Loss on ignition, per cent 


quired for a Flow of 100. 


best method for storage of specimens for 
the elevated temperature test. 
(d) Compressive Strength Tests Using 
Fly Ash to Replace Sand in Mortar 
Cubes.—In addition to the compressive 
strength tests mentioned under the poz- 


100 120 140 160 
Water Requirement, per cent of contro! 


Fic. 20.—Relationship Between the Compressive Strength of Fly Ash-Sand Replacement Tests 
(25 per cent) Cured at 73 F for 7 Days and (a) Loss on Ignition and (5) the Amount of Water Re- 


cent by weight of the graded Ottawa 
sand was replaced by an equal weight of 
fly ash. Compressive strength of the 
cubes was determined in 7 days and in 

7 Method of Test for Compressive Strength of Hy- 


draulic Cement Mortars (C 109 - 52), 1952 Book of ASTM 
Si s, Part 3, p. 119. 
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28 days. Curing conditions were one day 
in moist air and the remaining time in 
water. Figures 19 (a) and (6) depict 
graphically the 7- and 28-day results 
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obtained in these tests plotted against 
the results obtained in the pozzolanic __ 
strength index tests. Figures 20 (a) and 
(b) show the 7-day results plotted 


_ 200 
(a) (b) 
150 
Toy 8 qe 
8 8, 18 7 

50 

2 6 10 18 22 100 103 106 us 121 


Loss on ignition, per cent Water Requirement, per cent of control 


Fic. 21.—Relationship Between Compressive Strengths of Fly Ash Addition Tests (20 per cent) 
and Loss on Ignition and Water Requirements. 


(a) Loss on Ignition. 
(b) Amount of Water Required for a Flow of 100. n Y 4 
Graded Ottawa sand. Aged 7 days and cured at 73 F by immersion in water. = a) 


140 
3 (a) (b) 
130 Os 
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Loss on Ignition, per cent Water Requirement, per cent of control 


Fic. 22.—Relationship Between Compressive Strengths of Fly Ash Addition Tests (20 per cent) 
and Loss on Ignition and Water Requirements. 

(a) Loss on Ignition. 
(b) Amount of Water Required for a Flow of 100. 
Standard Ottawa sand. Aged 7 days and cured at 73 F by immersion in water. 
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TABLE VIII.—COMPARISON OF TEST METHODS FOR DETERMINING POZZOLANIC ACTIVITY. 


cee Davis Test* Minnick Test,° 2 by 2 by 2-in. Mortar Cubes, per cent of Control 
ecla- 
ordan Autoclave, 

Test? Teste Sealed Cans) Moist Curing 73 F Steam Curing 140 F 100 Ib 

Reduct- es + Pressure 
ion 

inity, | a > > 

38.97 18.06 | 525 | 1270 | 7.8)95.5/84.2) 65.5/136.2) ... [119.0] 117.9] 126.0 
32.78 “9 880 -.|_...|46.8] 72.9) 82.8) 20.0) ... | 59.3) 57.5] 59.1] 59.5) 22.6] 27.4 
37.11 25.12 99.0)113.8) 42.3) 73.4) 84.0 
32.4 28.42 22.8)/23.2/26.6) 43.8) 56.6) 49.0) ... | 58.0) ... | 61.3) 76.5] 43.2] 34.2 

20.48 31.6/70.6)44.5) 80.0)110.2) 57.3} 50.6] 52.5 
61.1 23.61 683 | 1155 «| 109.6) 135.0) 195.0) 145.0) 152.0) 107 119.5] 136.3 
18.10 68.4) 85.3) 28.4) 72.5) 78.3) 81.5) 90.0/112.0) 48.0] 43.5 

4.3 16.30 | 568 | 1040 |20.2/44.6/70.5/101.5| 88.5) 73.5)127.5/132.0]135.5}131.0}108.0) 49.8] 48.3 
32.8 525 | 1270 |21.4/22.3/46.1) 72.8) 89.0) 32.6) 75.0] 76.7 
37.11 13.59 | 534 | 1105 ... |. 89.5) 51.0) 55.8 
39. -|46.1) 93.0) 98.3] 78.5) 88.5 95.5) 85.5] 85.0] 90.0] 89.0 
49.1 ..|59.8} 70.5} 89.0) 99.0/138.0] 97.0] 102.8 
30.4 683 | 1225 48.8) 65.3)126.5) 97.0)102.0)103.0) 92.5] 94.0] 87.3] 85.9 


@ W. T. Moran and J. L. Gilliland, “Summary of Methods for Determining Pozzolanic Activity,” S i 
of Pozzolanic Materials in Mortars and Concretes, p. 109, Appendix A, Am. Soc. Testing Mats. i950) a om yy = 


— ASTM STP No. 99.) 


1-g sample of fly ash was retiuxed for 30 min in 100 cu cm of 1 N NaOH and the dissolved SiO: + R:Os deter- 


rt pec ens were prepared by mixing equal parts by weight of cement and fly ash with sufficient water to produce a 


Control specimens made from equal parts 


against the ignition loss of the fly ash 
and also the water requirement of the 
fly ash. 

Compressive strength tests have also 
been run in which fly ash has been added 
‘to the mortar mixes without a cor- 


reduction in either cement or 


sand. A few results are given in Figs. 21 
and 22 for 7-day compressive strengths 
using both graded and Standard (20-30 
sieve) Ottawa sand. A number of inves- 
tigators have also considered this prob- 
lem from the standpoint of straight addi- 


tions of fly ash to concrete (9-13).8 


(e) Pozzolanic Activity Tests —A num- 


ber of different methods for measuring 
- pozzolanic activity have been considered 


by the ASTM committees. These consist 
of methods proposed by the Bureau of 
Reclamation, Messrs. Jordan, Davis, 
-Conrow, and the author. Results of co- 
_ operative tests are summarized in Tables 
Va and IX and in Figs. 23 and 24. 
(Pertinent information relating to the 


* The boldface numbers in parentheses refer to the list 


_ of references appended to this paper, see p. 1158. 


t and pulverized limestone. 


TABLE IX.—COMPARISON OF VARIOUS 
ZOLANIC ACTIVITY DETERMINATION TESTS. 


c le'S 1 


Sample 


No. 10|No. 12 | No.8 | No.3 


Davis test, { 7 days....|1135 {1180 
psi 28 days....|2080 [2450 (2310 


Coni test, 7 days..../1105 [1238 [1428 
— days....|1695 [2028 (1473 
Minnick, test, autoclave 
2178 (4364 /4528 [1239 
Pozzolanic strength in- 
dex, 28 days, per cent 
102 91 102 74 


Loss on ignition, per cent} 6.15) 10.03) 4.72) 14.48 


Blaine fine- [Porosity 0.55 
cm per g..|2913 4545 


0.50 0.56 
3372 |3780 


| 


pecimens consisting of 2 parts by weight of fly ash, 
1 part lime, and 8.27 parts standard Ottawa cand wore 
molded and stored in 130 F vapor for 24 hr; removed from 
molds and stored in 130 F vapor for 48 hr; immersed in 130 
F water until 7 days old; and then stored in fog room at 
73 F until time of test. 


methods of test are included in the foot- 
notes of the tables and graphs.) The 
tests included methods in which the fly 
ash was mixed with portland cement 


Compressive Strength, psi. ~ 
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Fic. 23.—Relationship Between Loss on Ig- 
nition and Compressive Strength of Fly Ash 
Portland Cement Mortars (1 to 1 by weight— 
see Tables VIII and IX). 


(a) Moist cured at 73 F for 60 days. 
(6) Autoclaved at 100 psi for 2 hr. 
(c) Steam cured at 150 F for 6 days. 


TABLE X.—CHEMICAL CONSTITUENTS OF PULVERIZED-COAL FLY ASH.* 
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Alkalinity Reduction per cent 


Or (b)|s © 
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2200 


Compressive Strength, psi. 


4 8 12 16 
Loss on ignition, per cent 


Fic. 24.—Relationship Between Loss on Ig- 
nition of Fly Ash and Pozzolanic Activity Tests. 

(a) Modified Bureau of Reclamation Method. 

(6) Jordan Method. 

(c) Davis Test Method using lime-fly ash-sand mor- 
tars. Age—28 days, cured at 130 F. 


Retained on Tyler Sieves 
7 Fly Ash 
Constituents asa 
- Whole | On No. | On No. | On No. | On No. | On No. | On No. 
3 100 150 200 325 400 

Tron as FezOs, per cent........... .. 9.10 4.40 4.50 5.50 6.05 7.90 8.15 9.07 
Casbon as C, per Gant.........cccccee 10.64 76.30 60.50 31.60 24.75 16.36 13.49 5.20 
Magnesium as MgO, per cent........ 0.83 0.19 0.22 0.24 0.81 0.83 0.86 1.09 
Calcium as CaO, per cent........... 2.38 0.63 0.64 1.17 1.37 1.46 1.48 2.38 
Aluminum as AlsOs, per cent........ 26.90 5.71 10.53 20.79 23.43 25.40 26.56 28.31 
Sulfur as SOs, per cent.............. 1.28 0.60 0.70 1.00 0.92 0.86 0.58 1.20 
Titanium as TiOs, ees 1.35 0.45 0.60 0.95 1.10 1.20 1.30 1.47 
Carbonate as COs, per cent.......... 0.01 0.03 0.01 0.01 0.02 0.01 0.01 0.004 
Silicon as SiOz, per cent............. 45.93 8.42 17.46 35.95 39.23 42.21 44.59 48.83 
Phosphorus as P2Os, per cent........ Trace | Trace | Trace | Trace | Trace | Trace Trace 
Undetermined, per cent............. 1.58 3.27 4.84 | 2.79 2.32 2.98 2.45 


* Information obtained from Weinheimer (8). 
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" TABLE X1.—CONCRETE MIXES USED FOR DURABILITY TESTS AND RESULTS OF ABSORPTION TESTs,* 
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é 
Absorption Test 1 
Proportions by Weight, Ib Results on Con- 
crete, per cent 1 
Mix Type Cement { 
Fine | Coarse | W/C per F 
Ce | Fly | 
Te- Te- 24 hr |28 days 
ment Ash gate gate | Cement . | 
No. 1...| Portland type I..................] 376 1500 | 1960 | 276.89 | 4 4.7 5.3 
No. 2...| Interground 80% portland type I, 
291.2 72.8 1500 1960 276.89 5.1 5.6 
. = + whe portland type I, 20% fly ash...| 300.8 75.2 1498 1958 272.22 4 4.9 5.5 
No. 4...| 70% portland type I, 30% fly ash...} 263.2 | 112.8 1498 1960 271.13 + 4.9 5.5 ' 
No. 5...| Air-entraining portland............ 376 few 1474 1926 266.88 4% 4.7 5.3 . 
No. 6...| 80% air-entraining portland, 20% 
fly as! 300.8 75.2 1488 1945 264.71 4% 4.4 5.1 
10% air-entraining portland, 30% 
263.2 | 112.8 1490 1949 263.88 4 4.8 5.3 
type I, 20% fly ash.. 272. one 
No, 10...| 70% portland type I, 30% fly ash..| 263.2 | 112.8 | 1498 1960 271.13 4 


TABLE XII.—RESULTS OF FREEZING AND THAWING TESTS.* 


room Pp an 1g) 
F then subjected to 30 cycles of repeated freezing (0 F for 16 hr) and thawing (for 8 hr). After the final cycle, specimens 


Ciggncen) through the courtesy of the Commonwealth Edison Co. 
» Proportions for these mixes are listed in Table XI. 


After 120 Cycles After 150 Cycles 
Mix® Change i i 
e in Surface Con Change in Surface 
Dry Weights, pressive Dry Weights, Compressive 
per cent s o per cent Strength, psi 
—0.16 2938 —0.46 2787 
—0.07 3086 —0.18 2900 
—0.12 4055 —0.22 3866 
+0.01 3371 —0.02 3465 
—0.24 2730 —0.43 2612 
+0.03 3727 +0.01 3626 
+0.12 +0.07 1961 
After 30 Cycles After 60 Cycles 
Mix Thawing Agent Difference | nigerence | Scaling of | Difference | pigerence | Scali Sf 
in Surface | Dry Top in Surface | Dry ¢ 
oer per cent per cent tant per cent per cent 
No. 8 Thawing salts.......... 0.03 0.59 None 0.30 0.25 None 
Calcium chloride........ —0.58 —0.67 18.74 —4.91 —6.34 51.05 
No. 9 Thawing salts.......... 0.02 0.44 None 0.20 —0.44 None 
ee Bisse Calcium chloride......... 0.03 0.27 None 0.19 —0.76 1.95 
No. 10 { Thawing salts............ 0.02 0.13 None —0.08 —0.60 None 
Calcium chloride......... 0.04 0.17 None 0.30 —0.35 0.43 


mee 
3 
~ Results of tests Dy the Robert W. fiunt Vo. (ingineers) through the courtesy of the Commonwealth Edison Co. 
4 
=" 
— 
2 
4 
= 


and also with hydrated lime. Very little 
is known regarding the chemistry of 
pozzolanic reactions. It is quite possible 
that other constituents than the silica 
are involved when lime combines with 
fly ash. Results obtained from the publi- 
cation of C. M. Weinheimer (8) are given 
in Table X, which shows the typical 
chemical characteristics of the various 
size fractions for fly ash. 

(f) Durability —Many durability tests 
have been run on concrete containing fly 


TABLE yn —RESULTS OF INTERGRINDING FLY 
ASH WITH PORTLAND CEMENT.* 


- | Compressive Strength, 
| Average Values of 3 
Samples 


Mix 


sq cm per g 


| 6 months) 


= | 


1 part ground clinker 
ground with 4% 
gypsum), 2.90 parts 
Ottawa sand....... | 3590 | 3543 | 4757 | 4878 | 5780 

1 part ground clinker 

und with 5% 


), 2.90 parts Ot- 
tawa sand.......... ou 3925 | 5572 | 6075 | 7005 
1 part ground clinker 
ground with 5 4 
gypsum and 20% 
ash), 2.90 parts ow 
tawa sand..... ..... 5545 | 4215 | 4863 | 5752 | 6880 


Note.—Curing conditions: 7 days in moist closet at 
70 F at 90 per cent relative humidity, then in laboratory 
air for remainder of test. 

@ Results of cooperative tests by the Central Labora- 
wy of the Lehigh Portland Cement Co. and by the G. 

H. Corson Laboratory. 


ash. Typical examples of the information 
that is available is given in Tables XI 
and XII. It will be noted that the data 
include information on both blended and 
interground materials with and without 
an air-entraining agent. R. E. Davis ef 
al, have investigated this problem quite 
thoroughly with particular regard to the 
influence of ignition loss on the perform- 
ance of the concrete (2, 3, 4, 5). 

(g) Effect of Intergrinding.—Tables 
XIII and XIV give some of the re- 
sults relating to the difference between 
blending and intergrinding of fly ash and 
portland cement. This information is of 
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more importance in the preparation of a 
blended portland-fly ash cement than in 
a specification for fly ash as an admix- 
ture to concrete. In the latter case, the 
fly ash need not be used to replace ce- 
ment but may become an integral part 


TABLE XIV.—RESULTS OF TRING 
_FLY ASH WITH PORTLAND CEMENT.* 


Medusa, | “ement 
Portland | with 20 
Cement Fly 
Type I Inter- 
ground 
Fineness Test: 
Passing No. 325 sieve, per cent 90.7 96.9 
Wagner Tubidimeter, "Specific 
Surface, sq cm per g. 2938 2230 
Specific gravity 3.140 3. 
Soundness Test: 
Autoclave expansion, per cent...} —0.19 —0.11 
Time of Setting (determined by . 
Gillmore needle): 
Normal consistency . 24.5 24.0 
Initial set, hr:min. .. 3:30 3:25 
Final set, hr:min 5:25 5:20 
Compressive Strength (2-in. cubes): 
Mix, cement to.graded standard 
Flow, per 103.1 103.1 
Strength, lb per sq in............ ey oe 
Cure eT 1 day in moist 
closet at 70 F at 90% relative 
humidity 4 immersed in 
water at 70 F until age speci- 
fied: 
1331 
2483 
3817 
5867 
Tensile Strength, (standard bri- 
quettes): 
Mix, cement to standard sand. . 1:3 
Strength, lb 
Age test, 
178 
280 
7 447 
28 472 


e Results of tests by the Robert W. Hunt Co. (En- 
em Soe the courtesy of the Commonwealth 
ison Co. 


of the aggregate content of the concrete. 
Table XV gives the results of another 
investigation showing the effect of inter- 
grinding of fly ash for different grinding 
time periods. 

(hk) Drying Shrinkage.—Comparison of 
shrinkage as related to ignition loss for 
different fly ash proportions using the 
round-robin fly ash samples is shown in 
Fig. 25. Additional information on this 


= 
st 
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TABLE XV.—RESULTS OF INTERGRINDING FLY ASH WITH PORTLAND CEMENT.* 


(Clinker) 
Material Before; After 1 hr of After 2 hr of After 3 hr of After 4 hr of After 5 hr of 


hy , As Pulverizing Pulverizing Pulverizing Pulverizing Pulverizing 
Sieve Size Cane- Cumu- Cume- Cume- } Cume- 
a tive tive ative tive lative ative 
Per a. Per Per Per a. Per é t Per 
Cent | passing | | passi Cent | passi Cent | passi Cent | passi Cent nt 
Re- assing| pe |Passing| |Passing| Re |Passing| |Passing 
tained tained tained tained tai tained 
Deciaa haat 0.0 100.0 0.0 100.0 0.0 100.0 0.00 | 100.00 0.00 | 100.00 0.00 | 100.00 
/ Sas 100.0 0.0 25.5 74.5 2.2 97.3 0.06 99.94 0.02 98.98 0.01 99.99 
Si coscesed 100.0 0.0 51.0 49.0 16.4 83.6 2.40 97.60 0.15 99.85 0.05 99.95 
Bi ccecccce 100.0 0.0 69.4 30.6 43.1 56.9 26.52 73.48 | 13.45 86.55 5.53 94.47 
200; peewee 100.0 0.0 82.3 17.7 63.2 36.8 51.50 48.50 | 41.20 58.80 | 33.15 66.85 
Fe ovsceses 99.6 0.4 82.7 17.3 66.8 33.2 56.50 43.50 | 48.00 52.00 | 42.82 57.18 


Standards, Part 3. 


20 
(a) 
16 
Ax) 
12 
TH 
Be 
0.0 
Fly Ash Designation 
0.10 20 
i f(b) 
a 008 is § 
x) 
4 0.06 = 12 
= 
0.04 | 


days). 


962 g Ottawa sand. ere 
— 24 hr in moist room followed by 6 days 
ing. 


Fly Ash Designation 


Data supplied by Dept. of Applied Mechanics, Kansas State College. 


(a) Mix Fer for three 1- by 1- by 1l-in. bars. @ Mix data for three 1- by 1- by 11-in. bars. 
262.5 262.5 g standard 
= gr fly as! sp gt fly ash _ 
87.5 oe = grams fly ash. 175 X grams fly ash. 


962 — 
in room followed by 


§ Results of tests by the Robert W. Hunt Co. (Engineers) thr: the courtesy of Commonwealth Edison Co, 
> Tested in accordance with ASTM Method C 115, 1952 Book of Stu 


Fic. 25.—Comparison of Shrinkage in Laboratory Air with per cent Loss on Ignition (Age—28 


sand. 
6 days 


| 
] 
| 
| 
4 | 
| 
| 
| 
4 
Be 
| 
oa 
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TABLE XVI.—RESULTS OF FLY ASH TESTS BY 
THE CORPS OF ENGINEERS—CHEMICAL ANALY- 
SIS, PER CENT. 


Zz Zz Zz 
a7 | | | &¢ 
n n n 
Moisture loss...........| 0.20} 0.19 | 0.17 0.26 
ee 47.2 | 47.4 | 38.2 | 44.9 
AlsOs. . 19.5 | 34.0 | 25.7 34.0 
18.2 9.0 16.3 6.5 
0.07 | 0.04] 0.16] 0.04 
0.23 | 0.14] 0.26) 0.51 
5.3 2.3 3.9 2.3 
1.2 1.2 0.9 0.4 
0.05 0.00 0.13 0.04 
503 2.2 0.7 0.60 | 0.34 
Igni 0.8 | 3.9 | 12.2 | 7.9 
Insoluble residue......... 70.4 | 79.4 | 64.9 | 76.8 
(Gravimetric)...... 0.69) ... 0.16] ... 
(Gravimetric).......| 1.16 0.53 
Total as NazO (Gravimet-| 
NazO (Photometric)...... 1.62 | 0.38 | 0.63 | 0.30 
K:0 (Photometric)....... 1.98 | 1.75] 1.02) 1.72 
Total as NazO (Photomet- 
eae. 2.92 1.53 1.30 1.43 
Total carbon............. 0.43 | 3.17 | 11.13 | 7.22 


TABLE XVII.—RESULTS OF FLY ASH TESTS BY THE CORPS OF ENGINEERS, PHYSICAL ANALYSIS. 


samples are summarized in Tables XVI, 
XVII, and XVIII. 


Bureau of Reclamation Tests: 


In June, 1952, the Bureau of Rec- 
lamation submitted a report summariz- 
ing results obtained in its laboratory. 
Eighty-one samples of fly ash were con- 
sidered in this study, which was directed 
in large part to an investigation of fly 
ash of high pozzolanic strength that was 
being considered by the Bureau for use 
in mass concrete. 

Much of the data supplied by the 
Bureau of Reclamation is given in con- 
densed form in Table XIX and in Figs. 
26 to 28 ; 


Sample No. Sample No. Sample No. Sample No. 
AD-3 ‘AD-8 AD-9 
Specific 2.48 2.36 2.43 2.26 
Fineness, sq cm per g: 2 
Fisher method...... on 3337 5 2715 3960 
Nitrogen adsorption. 7900 16 000 24 700 30 200 
Hydrometer......... 7030 5050 5045 
Per cent finer than No. 325 sieve. 93.5 87.7 85.8 81.5 
Size range microns (microsc asgecensessgecoenh 4GSGR Ee 0.5 to 1000 1 to 2000 1 to 3000 
Predominant size range, microns (microscope) .... 1 to 10 3 to 13 4 to 20 3 to 14 
Per cent finer than No. 200 sieve (dry)........... 95.5 92.8 93. 85.1 
Constituents by microscope examination, per cent: 
81 75 51 70 
Trace Trace Trace Trace 
15 35 21 
10 14 
subject is also available in the publica- Other Contributors: 


tions of R. E. Davis et al. (2, 3, 4, 5). 


Corps of Engineers, U. S. Army Tests: 


In the early part of 1951, the Corps of 
Engineers obtained four samples of fly 
ash representing several different condi- 
tions of fineness and ignition loss. The 
investigations that are being carried out 
are not yet complete, but preliminary 
data covering some of the work are 
presented. 

The chemical analyses and physical 
tests on the fly ash samples and on pastes 
and mortars made with these fly ash 


The literature on fly ash as related to 
concrete is growing rapidly. Most of this 
published information was considered by 
the working subcommittees. An excellent 
bibliography may be found in a recent 
publication by R. E. Morgan of the 
Bureau of Mines (i). Particular reference 
should be made to the work of R. E 
Davis who ran thousands of tests on fly 
ash (2, 3, 4, 5). Also of importance was a 
paper presented to the ASTM by H. A. 
Frederick (6) and, more recently, a paper 
by R. C. Mielenz (7). In addition to 
these studies, a number of investigations 


| 
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1152 on 
have been concerned with the question 
of the measurement of pozzolanic activ- 
ity. A very brief résumé of some of these 
data is included in the results presented 
above. 


DIscussION 


In order to assist in evaluating the 
data, a summarizing Table XX has been 
prepared. This table lists the physical 
and chemical requirements that have 
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bar expansion. The Bureau of Reclama- 
tion, which originated this test, has 
found that it can obtain reproducibility 
in its own laboratory, but members of 
the round-robin test group had difficulty 
in accomplishing this. Apparently the 
skill of the test engineer is a factor with 
this test. 

Considerable attention has been given 
to the test for pozzolanic strength index, 
Elevated temperature seems to be de- 


TABLE XVIII.—RESULTS OF FLY ASH MORTAR TESTS BY THE CORPS OF ENGINEERS. 


Portland Fly Ash Sample 
Control No. AD-3 No. AD-7| No. AD-8| No. AD-9 
Per cent of cement replaced by solid 
0 30 45 60 45 45 45 
Bleeding rate, ml per sq cm per sec X 
peers 61 69 78 85 99 91 71 
Bleeding capacity, ml per cu cm X 10% 
= 17 28 43 45 40 34 25 
Initial set, hr:min (Gillmore)”........ 3:45 2:25 2:35 3:10 4:40 4:35 5:20 
Final set, hr:min (Gillmore)®. 5:45 9:00 9:35 8:25 7:45 7:35 8:45 
Compressive strength, psi® 
1610 2090 1810 1150 1010 915 960 
nin 2600 2790 2125 1585 1525 1290 1385 
aoc 4635 5385 4660 3200 3125 2775 2810 
Autoclave expansion, per cent®......... 0.11 0.04 0.02 0.04 0.01 0.01 0.02 
Normal consistency, per cent*.......... 25.0 23.2 22.8 23.0 27.0 30.2 31.8 
Air content of mortar, per cent/........ 5.8 4.9 3.5 3.1 2.9 2.2 3.5 


@ The ratio of the volume of water to solid volume of cement plus fly ash is the same as the ratio of volume of water 
to yolume of portland cement in the paste made with 100 per cent portland cement. 


Gillmore setting time tests were made on 


pastes using ASTM Method C 191 — 49, with 500 grams of cement or equal 


solid volume of cement plus fly ash and the amount of water determined by ASTM Method C 187 to give normal con- 


sistency. 


© Compressive strength tests determined in accordance with ASTM Method C 109, 

@ Autoclave expansion test determined in accordance with ASTM Method C 151. 

© Normal consistency determined on pastes in accordance with ASTM Method C 187. 

/ Air content determined on mortar made in accordance with Paragraph F-66 of Federal Specifications SS-C-158b 


using standard Ottawa sand and a flow of 90 to 110. 


been proposed as specification require- 
ments for fly ash, but it does not include 
the requirements for portland-fly ash 
cement. In the last column of Table XX, 
an analysis is made of the results of 
tests on 20 fly ash samples used in the 
round-robin tests, and the fly ash sam- 
ples that do not meet the requirements 
of the proposed specification for fly ash 
are listed. 


For the methods of test finally 


adopted, good reproducibility was ob- 
tained between the laboratories in all of 
the tests except the reduction in mortar 


sirable for this test as with it good indica- 
tions are secured in 28 days of the relative 
contribution to strength made by the fly 
ash as pozzolanic material. The test 
results indicate that good correlation 
may be expected between the pozzolanic 
strength tests made in mortar cubes 
cured at 70 F for shorter periods of time. 
This may result in the development of a 
more rapid test based on strength alone. 
It is suggested that the reason for the 
good correlation between the tests run 
at 100 F (cement replacement) and those 
at 73 F (sand replacement) is basically 


4 ! 
| 
| 
| 
| 
| 
} 
Ma 
a 
i 
ba 


TABLE XIX ey OF TESTS ad THE BUREAU 
RECLAMATION 


Bureau of 
Reclamation] SiOz, | Al:Os MgO, | SOs , | enition 
Reference |per cent/per cent|per cent/per cent 


Number per reent 

23.18 | 0.98 2.32 1.45 

21.72 1.25 2.93 2.47 

28.50 1.11 1.12 2.59 

15.12 1.23 1.72 2.04 

30.38 1.18 3.11 

29.10 1.47 2.12 0.56 

21.72 1.25 2.93 2.47 

1.12 

2.63 

2.22 

ee 12.08 

ove 9.91 

és 22.63 

sins 4.88 

9.37 

ee 8.22 

13.06 

owe 12.07 

11.27 

A-463...... 41. 83 19.18 1.29 2.16 5.56 

 * ee 46.44 | 20.89 1.48 2.49 1.84 

| ee 45.10 20.21 1.37 2.52 2.91 

2.44 

és 1.39 

lon 1.70 

1.67 

ees 2.34 

+e ove 1.64 

one ee 0.89 

0.96 

1.27 

° 25.30 0.90 1.02 6.19 

ose 4.47 

‘ 1.34 

. 20.31 | Trace 1.80 | 19.51 

. 22.31 | Trace 3.19 | 16.27 

CS. 35.84 | 19.70 1.28 12.19 | 10.66 

BARBS. 20000 43.69 22.54 1.20 2.37 3.52 

Se ee 44.42 | 22. 1.61 2.08 9.06 

A-1256...... 38.10 | 19.14 1.28 8.22 8.88 

37.77 23.41 0.97 0.81 4.32 

A-1274...... 37.43 21.25 1.33 1.11 6.35 

t* 39.37 18.90 1.06 2.25 | 15.21 

39.49 28.19 0.72 0.60 | 14.66 

A-1326...... 38.07 | 21.81 1.59 1.60 | 10.18 

eee 45.82 | 29.49 | 0.83 0.35 5.84 

| 42.33 | 34.04 | 0.85 0.33 7.32 

A-1379...... 43.68 | 19.03 1.13 1.56 1.59 
A-1409 

A-1414(°°°"° 49.58 24.80 1.18 0.51 3.89 
A-1415 
A-1416 

40.35 | 16.72 1.13 0.67 6.12 
A-1418 

A-1444...... 44.61 17.10 1.40 1.07 5.45 

A-1460...... 51.88 18.58 1.45 0.66 4.54 


19.04 0.86 0.75 5.36 


18.63 3.00 0.60 5.77 
18.79 | 3.00 0.64 5.66 
19.02 3.00 0.54 6.83 
19.25 1.25 0.68 6.44 
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TABLE XIX.—Concluded. 


Bureau of ses 
Reclamation| SiOz, | AlsOs MgO, | SOs, 
— per cent per cent per cent per cent per cent. 


36.10 | 18.29 1.16 0.55 5.94 
33.88 | 20.08 1.07 0.70 4.35 
oes 5.76 
5.40 
see vee eee eee 5.68 
38.07 | 22.36 | 0.07 1.17 5.45 


Nore.—Tests run in accordance with Federal Specifi- 
cation C-158b. 


the effect of the water requirement on 
the compressive strength of the test 
specimens. Figures 6 and 20(b) both 
show good correlation between compres- 
sive strength and water requirement for 
each series of mortar mixtures. Figures 
19(a) and (6), which show the relation- 
ship between compressive strength for 
cement replacement and sand replace- 
ment, merely reflect the influence of the 
water-cement ratio on the strength of 
the specimens. This would seem to indi- 
cate that the water requirement has more 
bearing on these results than do factors 
such as pozzolanic activity, fineness of 
the fly ash, etc. 

Thedata shown in TableX VIII indicate 
that with a low-carbon, high-fineness fly 
ash some improvement in strength is 
obtained at early ages. For all other 
samples, the replacement of cement with 
fly ash results in a decrease in strength. 
It is possible that part of the early 
strength shown for sample No. AD-3 is 
a result of pozzolanic activity. It will be 
noted that the strength characteristics 
follow, in general, the pattern indicated 
by the microscopic examination, that is, 
the higher the glass phase, the higher the 
value of compressive strength. 

The data obtained by the Bureau of 
Reclamation give somewhat less indica- 
tion of a definite pattern when plotted 
graphically than the data obtained in 
the round-robin test series. An example 
of this may be noted by comparing Fig. 


M-1161 
M-1162 
M-1163 
M-1164 
M-116 
M-116 
M-117 
| 
| 
| 
2 
rer 
-1476 
RAMS) 36.00 | 
A-1478 
A-1479! 
M-1157......| 35.04 
M-1158......| 35.39 
M-1159......| 36.03 
M-1160.. ...| 38.82 
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Fic. 26.—Relationship Between Water Requirement and Compressive Strength of Fly Ash 
Portland Cement Mortar Specimens. 
(e) Age—28 days, cured at 73 F. (6) Age—28 days, cured at 100 F. 


(a) 


Fic. 27.—Relationship Between Fineness and Compressive Strength of Fly Ash Portland Cement 
Mortar Specimens. 


— 


2000 


4000 6000 
Fineness, sq. cm. per g. 


(a) Age—28 days, cured at 73 F. (6) Age—28 days, cured at 100 F. = 
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6 with Figs. 26(a) and (0d) in which water 
requirement is plotted against the com- 
pressive strength obtained from speci- 
mens cured at 73 and 100 F. The reason 
for this may be partly due to the choice 
of control which was used in determining 
the relative strength values. In the case 
of the round-robin tests, a new control 
was prepared for each mix that was 
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run by the Army Engineers as shown in 
Table XVIII. As stated, the higher 
strengths of this material may actually — 
result from other properties possessed by 
this particular source of fly ash. : 
The question of the advisability of 
running tests on concrete rather than on 
mortar has frequently been raised. The 
data show that there is not a very satis- 


made. It is understood that this was not 
done in all cases with the Bureau of 
Reclamation tests. 

Figures 28(a) and (6) indicate that 
substantially higher compressive 
strengths might be realized for fly ash 
having ignition loss of less than 3 per 
cent. The samples plotted in the low 
ignition loss area of the graphs were 
obtained primarily from one supplier of 
fly ash. This is the same material which 
gave the improved strength in the tests 
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Fic. 28.—Relationship Between Loss on Ignition and Compressive Strength of Fly Ash Portland 


(a) Age—28 days, cured at 73 +4 7 
(6) Age—28 days, cured at 100 


factory correlation between concrete and 
mortar compression tests (Fig. 11). How- 
ever, the mortar tests appear to be more 
sensitive to the type of fly ash that is é 
used, particularly with respect to loss on — 
ignition (Figs. 1 and 8). This would ~ 
appear to justify a mortar test require- 
ment for the fly ash specification. 

In connection with the relationship be- 
tween air content and ignition loss of fly — 
ash, the data are somewhat conflicting. 
A greater variation is evident in air 
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* a content for the concrete specimens than 
_ for the mortar specimens where a rela- 
tively small amount of fly ash is incor- 


ABLE XX.—ANALYSIS OF FLY ASH SPECI- 
MENS USING AS A BASIS THE REQUIREMENTS 
HAT HAVE BEEN PROPOSED AS A SPECIFICA- 
TION FOR FLY ASH FOR USE AS ADMIXTURE FOR 
PORTLAND CEMENT CONCRETE. 


Pro- Specimens 


Not Passing 
imits Limits 


(CHEMICAL REQUIREMENTS 


SiO: (minimum), per cent...... 40. 


0 | 2, 3,7, 8,9, 10 
Al:03 (minimum), per cent. ..... 15.0 | All pass 
SiO: + Al:O: (minimum), per 
50.0 | All pass 
MgO (maximum), per cent....... 3.0 | All pass 
SOs (maximum), per cent........ 4.0 | All pass 
Loss on ignition( maximum) per 
12.0 | 2, 3, 5, 9 
Moisture (maximum), per cent..| 3.0 | All 
expressed 
20, (maximum), per 5, 7, 12, 13, 15, 
1.5 | 16, 17, 18 
PRYSICAL REQUIREMENTS 
cm per g 12800 All pass 


Contribution to compressive 
strength used as a replace- 
ment of standard Ottawa 
sand, 25 per cent by weight 
of the Standard Ottawa sand: 


Per cent of control at 7 days...| 115.0 | 2, 3, 5, 6, 9, 18 
Per cent of control at 28 days... -| 125.0 | 2, 3, 5, 6, 9, 18 
Pozzolanic strength index 
Per cent of control at 28 days 
(minimum)... ...........-.++ 85.0 | 1, 2, 3, 5, 6, 9, 
10, 11, 18 
Per cent of 28-day at 
90 days (minimum) . -| 100 3 
Drying shrinkage (maximum), 
: 0.10} All pass 
- Reduction of mortar expansion 
7 (minimum), per cent....... 60.0 1, 2, 3, 4, 7,9, 
Autoclave expansion (mini ), 
POT COME... 0.50) Not tested 
Water requirement 
| per cent of control.........| 103.0 | 2, 3, 5, 9, 12 
Air entraining agent required 
Number of times the amount 
of admixture for 
control (ASTM Method C 
5.0 | Not tested 


porated into the mixture. Data obtained 
from field use of fly ash, however, where 
_ larger quantities (of the order of 200 Ib 
per cu yd) are used (Fig. 18) show that 
much less variation is obtained in the 
~ air content of concrete in which different 
&Z types of fly ash are employed. It is indi- 
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cated in this case that the additional 
quantity of air-entraining agent is sub- 
stantially less than would be shown by 
the tests made on laboratory specimens 
with lower quantities of fly ash. 

The studies on pozzolanic activity 
which are summarized in Tables VIII 
and IX and Figs. 23 and 24 show that 
there is a considerable variation in the 
activity of different fly ash materials, 
Where lime is used in the test, the 
methods employed by Davis or by Con- 
row would seem to give good indication 
of the performance of the fly ash. Where 
portland cement is used with fly ash, the 
autoclave test (Fig. 23(5)) shows inter- 
esting possibilities. 

Figure 25 shows that very little rela- 
tionship exists between the shrinkage of 
fly ash and the loss on ignition. The fly 
ash samples in this figure are arranged 
in the order of decreasing loss on ignition 
reading from left to right. 

A correlation is indicated between 
sulfur trioxide content and compressive 
strength as shown in Fig. 3(d) and the 
effect of magnesium oxide as shown in 
Fig. 5. Most of the sulfur content of fly 
ash is present as soluble sulfate. The 
magnesium oxide content is found as 
part of the glassy phase, and there is no 
evidence of periclase or other crystalline 
forms of magnesium compounds. 

It will be noted that when any two of 
the properties of fly ash are compared no 
attempt has been made to hold the 
other chemical or physical properties 
constant. Therefore, the relationships 
which might exist between variables are 
difficult to interpret accurately. At- 
tempts have been made to establish clear 
trends between two variable properties 
while holding all other variable proper- 
ties constant, but considerably more 
data are needed before any more in- 
formative analysis along these lines can 

be made than that indicated above. 
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There are many unanswered questions 
that still face the engineer in connection 
with the use of fly ash in concrete, just 
as there are many unanswered questions 
in connection with concrete itself. Some 
of these problems are perplexing and 
difficult to solve and will be resolved 
only through many years of research 
and experience. However, the back- 
ground of fly ash in concrete has now 
reached a point in technical achievement 
where the engineer can receive assurance 
that specifications such as are being 
promulgated by ASTM committees are 
acceptable for general use. ._—— 
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Mr. Bryant MATHER.'—The paper 
includes data from a number of sources; 
a few of the data were derived from a 
program that is being conducted by the 
Corps of Engineers. Tables XVI, XVII, 
and XVIII give the results of chemical 
tests, physical tests, and tests of pastes 
and mortars. These deal with samples 
of fly ash from four sources selected to 
represent the range of composition and 
properties of fly ashes that have been 
considered for use in concrete. Mr. Min- 
nick has suggested that some additional 
discussion would be appreciated, par- 
ticularly of the effect of fly ashes on air- 
entrainment in concrete. 

Our investigation has concerned the 
use of fly ash and a variety of other 
mineral admixtures as replacements for 
part of the portland cement in concrete. 
The work on concrete involves laboratory 
mixtures made with crushed limestone 
aggregate graded up to the ?-in. size. 
Five different cements were used. Con- 
crete mixtures were proportioned for 
each of two fixed water-cement ratios. 
When part of the portland cement was 
replaced by another material, the water- 
cement ratio was maintained by keeping 
a constant weight of water to a given 
total solid volume of portland ‘cement 
plus replacement material. The replace- 
ments were made on a solid volume basis. 
The mixtures were controlled to a given 


1 Engineer, Concrete Division, Waterways Ex- 
periment Station, Corps of Engineers, Jackson, 
Miss. 
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consistency as measured by the remold- 
ing test. 

The accompanying Table XXI indi- 
cates certain effects of a 45 per cent re- 


TABLE XXI.—AIR-ENTRAINING AD- 
MIXTURE DEMAND AND DRYING 
SHRINKAGE OF FLY ASH CONCRETE. 


All values are averages of results of three rounds 


i Amount of Neutralized Vinsol 
- Resin Required to Produce 6.0 
7 + 0.5 per cent Air in Concrete 
with %-in. Aggregate, ml 
per cu yd 


Type of Cement ment 45 per cent of Cement 


Ratio Replaced by Fly Ash 


A FI FI Fl F 
| Ack | Ah | Ack 
I II Ill | IV 
0.5 | 485 | 348) 647/1214) 886 
0.8 | 265 | 242) 410 688) 500 
0.5 | 248 | 248) 531'1026| 732 


og ee 0.8 | 146 | 162 339) 601) 428 


Drying Shrinkage of Concrete 


; 6 after Storage at 50 per cent 
RH and 73.4 F to 180-Days- 
7 Age. as Thousandths of a 
per cent of 14-Day Length | 


0.5 | 58 | 52 | 56 | 62 | 55 
0.8 | 56 | 46 | 46 | 47 | 45 
-| 0.5 | 56 | 49 | 56 | 58 | 55 
0.8 | 46 | 45 | 38 | 45 | 50 


High-alkali. 


placement of each of two cements by 
each of the four fly ashes in concrete 
mixtures of the two water-cement ratios. 
The top half of the tabulation indicates 
the amount of air-entraining admixture 
(neutralized vinsol resin) required to 


| 
| 
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produce 6 + 0.5 per cent air in the 
freshly mixed concrete. From 146 to 485 
ml of neutralized vinsol resin per cubic 
yard of concrete were required to 
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sistency, were kept constant. With fly 
ash I and type II cement less air-entrain- 
ing admixture was required than when 
no fly ash was used. 


TABLE XXII.—UNIFORMITY STUDIES ON FLY ASH USED IN CONJUNCTION 
WITH THE CONSTRUCTION OF SEWAREN GENERATION STATION OF THE PUB- 


LIC SERVICE GAS AND ELECTRIC CO. 


Fineness. Fineness, 
Specific | Moisture | 355 Sieve, Specific | Moisture | 395 Sieve, 
Sample Gravity | Sercent | | Gtavity | Serene | 
2.50 0.195 8.55 || No.31...... 0.174 7.39 
2.48 0.198 7.73 1 Me.38........ 2.50 0.227 7.32 
0.179 8.47 || No.33........ 2.68 0.277 4.69 
2.60 0.141 6.41 || No. 34........ 2.65 0.249 4.29 
i ee 2.52 0.203 8.29 || No.35........ 2.64 0.243 2.75 
2.70 0.207 2.58 0.235 3.55 
2.75 0.204 8.37 Me. 2.50 0.242 5.42 
2.61 0.203 Me. 2.45 0.183 6.53 
2.63 0.387 8.66 || No.39........ 2.57 0.155 4.02 
2.60 0.187 2.57 0.155 5.35 
ae 2.63 0.176 6.51 || No. 42........ 2.51 0.212 5.58 
2.49 0.263 2.66 0.199 3.42 
, ee: 2.56 0.183 9.33 || No. 44........ 2.51 0.160 7.50 
ares 2.52 0.154 7.06 || No. 46........ 2.56 0.198 9.05 
ee 2.54 0.141 8.71 || No. 47........ 2.56 0.188 6.09 
eee 2.53 0.183 8.96 || No. 48........ 2.52 0.182 7.82 
i as 2.53 0.176 8.62 || No. 49........ 2.59 0.199 8.96 
aaa 2.55 0.188 8.43 || No. 50........ 2.66 0.214 6.06 
2.69 0.200 O40 Wa 2.50 0.217 6.96 
‘Ne. ree 2.62 0.212 7.45 || No. 52........ 2.52 0.246 8.44 
2.63 0.200 6.97 || No. 53........ 2.47 0.182 5.65 
2.65 0.241 2.60 0.301 5.98 
Cet 2.63 | 0.251 3.93 | No.55........ 2.58 | 0.320 | 5.91 
2.63 0.189 6.89 
2.53 |. 0.231 8.63 | 
2.63 0.201 6.75 | 


Norte.—This data through the courtesy of Harry A. Frederick, Public Service Gas and Electric 


of concrete were placed. Slump, 3 to 6 in. Five sacks of portland cement’ and 100 lb of fly ash per 


we Maplewood, N. J. These tests were run over a period of one year. Approximately 40,000 cu yd 


eu yd of concrete. 


achieve the desired air content when no 
fly ash was used. This variation is a 
function of the characteristics of the 
portland cements used and the water- 
cement ratio of the concrete, since all 
other factors, such as workability, aggre- 
gate grading, temperature, and con- 


With fly ash III a great increase in 
amount of air-entraining admixture was 
required when 45 per cent of the cement 
was replaced by fly ash. 

The accompanying Fig. 29 indicates 
the relation between amount of neutral- 
ized vinsol resin required and the carbon 
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Fic. 29.—Relation of Carbon Content of Fly Ash to Amount of Air-Entraining Admixture Re- 


quired for 6.0 per cent Air in ?-in. 


Cement Ratios with 45 per cent Replacement of Cement by Fly Ash. 


Aggregate Concrete Made with Two Cements at Two Water- 


TABLE XXIII—FLY ASH UNIFORMITY TESTS—POWER PLANT PRODUCTION 


VALUES. 
Lo: Ignition, Blaine Surface Area, 
Date of Sampling 
Station | Station | Station | Station | Station | Station Station | Station 
No. 1 No. 2 No. 3 No.1 0.2 0.3 No. 2 No. 3 
... 13.98 | 3.98 ... 
en 6.70 6.25 | 12.73 | 2.30 2.29 2.47 3875 | 3510 
TDS g iveccicwcces 10.97 7.03 | 12.95 | 2.29 2.30 2.44 4235 3770 
ee 7.88 9.48 | 12.51 | 2.29 2.32 2.46 5000 4060 
12-22-53.......0000. 8.52 5.93 | 12.87 | 2.32 2.51 2.37 4050 | 3920 
ee 7.0 8.18 | 13.25 | 2.29 2.40 2.37 4760 3480 
ss acmrsewe 7.96 7.61 | 12.86 | 2.28 2.36 2.42 4295 | 3748 
Deviation 
Minimum......... 18.0% 17.9%| 2.6% | 3.0% | 2.1% 10.3 UP. 
Maximum 30.8%] 24.6%) 3.0%| 1.8% 6.4% 2.1% 16.4%| 8.3% 


Note.—Presented by E. W. 


more, Md. 


Guernsey, Consolidated Gas Electric Light and Power Co., Balti- 
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_ TABLE XXIV.—FLY ASH UNIFORMITY TESTS AS DETERMINED AT A CENTRAL 
MIX CONCRETE PLANT.* 


Specific Gravity Blaine Fineness Alp 
Loss on 
Sample Ignition NVX,¢ per 
Deviation, Deviation, | cent, Based} Deviation, 
per cent® | Per 8) Der cent? | on Weight | per cent? 
of Cement 
6.06 2.47 3365 0.030 
6.27 2.43 0.82 3317 1.42 0.027 10.0 
oy a ee 6.48 2.55 4.08 3891 16.46 0.022 21.4 
§.21 2.45 1.21 3537 0.37 0.029 11.5 
7.48 2.56 3.23 3265 7.43 0.026 3.7 
6.19 2.48 0.40 3599 3.57 0.030 11.1 
eee: 5.52 2.50 0.40 3124 10.28 0.023 14.8 
ee 5.63 2.50 0.40 3288 4.50 0.030 5 
4.31 2.46 1.20 3391 0.93 0.027 0.0 
6.75 2.43 2.41 3849 12.58 0.033 22.2 
4.93 2.56 3.23 3258 5.92 0.021 25.0 
4.50 2.56 2.81 2557 25.93 0.020 33.3 
4.97 2.64 5.18 2570 23 .87 0.020 23.1 
4.23 2.55 1.59 2416 25.52 0.027 3.5 
DE daccpenvanens 4.35 2.53 0.40 2851 8.94 0.032 23.1 
5.30 2.56 1.59 2924 5.37 0.032 23.1 
4.26 2.45 3.16 2915 3.57 0.025 7.4 
EE eee 4.65 2.58 2.38 2849 5.09 0.028 3.7 
4.21 2.69 6.32 2503 15.39 0.023 14.8 
3.67 2.64 3.12 2570 10.42 0.027 3.9 
4.99 2.59 0.39 2815 2.70 0.030 15.4 
Cr 4.38 2.59 0.39 2721 0.89 0.029 11.5 
Rn 3.71 2.68 3.87 2476 0.87 0.027 0.0 
3.85 2.62 1.16 3188 17.87 0.033 17.9 
RE A: 4.72 2.46 5.02 2505 9.92 0.038 31.0 
eee 5.43 2.50 1.57 3587 30.58 0.036 24.1 
5.80 2.56 0.78 3037 7.96 0.030 0.0 
7.14 2.53 2.32 3106 9.95 
ere 6.43 2.55 1.54 3159 10.80 
7.20 2.51 2.34 3033 3.85 0.033 10.0 
ere 6.42 2.49 2.35 3021 0.98 0.036 16.1 
No. 33.. 6.58 2.46 0.31 3319 7.72 0.034 6.3 
6.41 2.50 0.40 3150 0.48 
6.00 2.50 0.00 2799 11.45 


* Fly ash shipped from one source, sampled from trucks, in accordance with sampling require- 
ments of proposed specification. 

> Deviation determined in accordance with proposed specification requirement, each value being 
compared with the average of the values obtained on the 10 preceding samples or with the average 
of all preceding samples when less than 10 in number. 
© Neutralized vinsol resin. 
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content of the fly ash. Fly ash I, which 
showed less air-entraining admixture 
requirement when it was used to replace 
type II cement, contains 0.43 per cent 
carbon, and fly ash ITI, which caused the 
largest increase in air-entraining admix- 
ture requirement when it was used, con- 
tains 11.13 per cent carbon. The maxi- 
mum amount of admixture required with 
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many other factors affect the amount ¢ 
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air-entraining admixture required in 
concrete. 

On the lower part of Table XXI, data 
are given on drying shrinkage. It has 
been suggested that the drying shrinkage 
of concrete is markedly influenced by the 
carbon content of the fly ash. An inspec- 


TABLE XXV.—INVESTIGATION OF THE AMOUNT OF AIR-ENTRAINING AGENT 
REQUIRED TO PRODUCE AIR-ENTRAINED CONCRETE USING DIFFERENT 


SOURCES OF FLY ASH. 


tion of these data, bearing in mind that 


Amount® 
Cement Losson | Fly Ash | sand, Ib | Gravel, Ib Air of Air- . | Water, Ib 
Wiper | percent enya] Percuyd | percuyd | | Entraining] per cu'yd 
A 
err 0 1393 1812 5.2 4.2 2.5 231 
ae 0 1334 1815 5.5 4.2 3.5 228 
were 0 1242 1813 5.7 4.2 4.7 239 
ae 3.5-4.5 150 733 2127 4.4 11.6 5 261 
SampLe B 
ae 0 1393 1812 5.2 4.2 2.5 231 
0 1334 1815 5.5 4.2 3.5 228 
ee 0 1242 1813 5.7 4.2 4.7 239 
Samp.Le C 
0 1473 1814 5.1 0.043 3.8 241 
a 0 1374 1815 4.5 0.040 4.4 249 
ee ahi 0 1286 1814 4.9 0.049 4.7 251 
ee 7-8 150 753 2126 5.2 0.623 b 271 


@ With Samples A and B, Darex was used, and amounts are in fluid ounces per cubic yard. With 


Sample C, vinsol resin was used, and amounts are in pounds per cubic yard. 


> Slump approximately the same as control. 


Note.—Presented by C. M. Weinheimer, The Detroit Edison Co., Detroit. Mich. 


no fly ash (485 ml) is not greatly different 
from the minimum amount (601 ml) -re- 
quired for a 45 per cent replacement of 
fly ash of 11.13 per cent carbon in con- 
crete made with a different cement and 
water-cement ratio. It is therefore sug- 
gested that these data, while they do 
indicate the very marked effect on air- 
entraining admixture demand as a func- 
tion of the carbon content of the fly ash, 
serve also to point up what has been so 
often emphasized in the past, that very 


fly ash III has more than 11 per cent 
carbon and fly ash I less than § per cent 
carbon, will indicate that a significant 
increase in drying shrinkage as a func- 
tion of the carbon content of the fly ash 
is not revealed. 

Mr. L. Jonn Minnick (author).—Sev- 
eral discussions havé been forwarded to 
the author and since these include data 
that are pertinent to recent developments 
in connection with the preparation of a fly 
ash specification, a brief condensation of 
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some of the information has been pre- 
red. The accompanying Tables XXII, 
XXIII, and XXIV give results of tests 
reported by different investigators relat- 
ing to the question of uniformity of fly 
ash. The tables include tests that were 
run in accordance with the requirements 
in the proposed specification for fly ash.? 
Where air-entrained concrete is speci- 
fied, the specification includes an air- 
entraining admixture requirement and 
also includes an air-entraining require- 
ment for mortar specimens under the 
uniformity requirement section. Table 


XXIV includes data obtained on mortar 


2 This specification has now been adopted as 
ASTM Tentative Specification for Fly Ash for 
Use as an Admixture for Portland-Cement Con- 
crete (C 350 - 54 T), 1954 Supplement to Book 
of ASTM Standards, Part 3, p. 256. 

The revised method has been accepted as 
Tentative Methods of Sampling and Testing Fly 
Ash for Use as an Admixture for Portland-Ce- 
ment Conrete (C 311 — 54 T), 1954 Supplement 
to Book of ASTM Standards, Part 3, p. 267. 


4 DISCUSSION ON FLY 


AsH IN CONCRETE 


specimens prepared in accordance with 
the proposed revision of ASTM test 
method C 311-53 T* with samples of 
fly ash obtained from ready-mixed con- 
crete operation. Another investigation 
that has been reported recently dealing 
with the use of fly ash in air-entrained 
concrete is summarized in Table XXV. 

An effort is now under way to establish 
a new cooperative test program, the pur- 
pose of which will be to develop informa- 
tion in regard to certain chemical and 
physical requirements in the specifica- 
tion which have been subject to discus- 
sion regarding their necessity and the 
suitability of the limits proposed. In- 
dividuals who would like to make sug- 
gestions in connection with the proposed 
test program should communicate with 
the chairman of Subcommittee ITI-h on 
Methods of Testing and Specifications 
for Admixtures of ASTM Committee C-9 
on Concrete and Concrete Aggregates. 
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Raprp ACCELERATED ExPposuURE— 
Exposures 10 Anp 10-1 


Exposure 10 consists of placing the 
concrete beams, standing on end, in a 
tank where they are exposed to a con- 
tinuous spray of water at a rather low 
velocity but of such intensity and distri- 
bution that water is continually flowing 
over all surfaces of the beams. One com- 
plete cycle consists of gradually changing 
the temperature of the water from 68 to 
130 F and then back to 68 F. A cycle is 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Professor of Applied Mechanics, Kansas 
State College, Manhattan, Kans. 

* Assistant Professor of Engineering Mechan- 
ics, University of Nebraska, Lincoln, Neb. 

3? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1177. 


By C. H. ScHoLER! anpD G. M. 


SYNOPSIS 


This paper describes an accelerated method of test for predicting the de- 
terioration of concrete caused by cement-aggregate reaction. A period of 90 
days from time of casting specimens is sufficient to discriminate between con- 
cretes having undesirable expansion and those having little or no expansion. 
The expansion data from the rapid accelerated exposure, referred to as exposure 
10, show a very good correlation with the expansion of concretes subjected 
to the well-known wetting-and-drying exposure (1), referred to as exposure 2. 
To substantiate the merit of exposure 10, data are presented showing the close 
correlation between the relative expansion of concretes subjected to 7.5 yr of 
outside weathering and concretes subjected to exposure 2. 

Cement-aggregate reaction as referred to in this paper is not restricted to 
the alkali-aggregate reaction but refers to the physical and perhaps chemical 
reactions, or a combination of both, which cause the expansion that is usually 
accompanied by “map cracking.” This type of cracking should not be confused 
with surface checking, shrinkage cracking, or cracking due to settlement and 


ate 


complete in 45 min. During one cycle the 
approximate temperature at the center of 
a 3 by 4 by 16-in. beam changes from 
74 to 122 F and back to 74 F. The 
temperature change is obtained auto- 
matically and is gradual so as to avoid a 
“shock effect,” although as indicated in 
Fig. 3 the rate of temperature change 
sometimes exceeds 200 F per hr. The 
controls are set to obtain 32 cycles per 
day, 224 cycles per week. The apparatus 
shown in Figs. 1 and 2 provides space for 
testing 60 3 by 4 by 16-in. specimens 
simultaneously. Tap water is supplied to 
the system as shown in Fig. 2 through a 
2-in. water line supplying 71'y gal per min. 
Heating is by means of steam supplied 
at 44 psi through a mixing valve shown 
in Fig. 2. No refrigeration is supplied 
as the tap water temperature averages 
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62 F. Steam is admitted to the system 
at 45-min intervals, heating the water 
which is added to the tank to not over 
130 F. When this temperature is reached, 
the steam is throttled to prevent exces- 
sive heating. The period of heating is 
regulated so that but little throttling is 
necessary. No refrigeration other than 


> 


— 
. 
t 
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culating pump maintains a pressure of 
4 psi on the header. Water is wasted 
continually at approximately the same 
rate the tap water is added plus the steam 
condensed during the heating cycle. The 
spray tank installation is shown in Figs. 
1 and 2. Exposure 10 was developed 
under a cooperative research program 


Fic. 1.—Exposure 10 Flow Tank Apparatus. 


1—Temperature recorder. 2—Motorized valve. 3—Temperature controller. #—Clock with mercoid switches to operate 
motor valve. 5—Mixing valve. 6—Motor. 7—Pump. 8—Suction line. 9—Steam line. /0—Tap water line. 


the cold water supplied is used. Water 
is continuously circulated by means of 
the circulating pump at the rate of 203 
gal per min through the three tubes 
shown in Fig. 2. Tubes are of brass, 1 in. 
in outside diameter, each tube having 
five rows of 100 holes each in the length 
of 4 ft and 1 in. These holes were drilled 
with a No. 49 drill and all holes are in 
_ the lower 120 deg of the tube. The cir- 


between the Portland Cement Assn. and 
the Engineering Experiment Station of 
Kansas State College. 

In the development of exposure 10, 
several modifications were tried in an 
attempt to keep the exposure period to 
a minimum and yet allow discrimination 
to be made between good and bad ce- 
ment-aggregate combinations. One of 
the modifications, referred to as exposure 
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10-1, consisted of varying the spray- 
water temperature from 68 to 118 F. 
A significant difference between the re- 
sults obtained from exposure 10 (spray- 
water temperature of 68 to 130 F) and 
the modified exposure 10-1 (spray- 
water temperature of 68 to 118 F) is 
pointed out later. Figure 3 shows the 
temperature difference between the 


To Mercroid Switch 


3/4 Steam Line (45 psi) 


cement-aggregate combinations that ex- 
pand as much as 0.07 per cent or more in 
i yr in the wetting-and-drying tests have 
a poor service record. 


SPECIMENS AND CURING 


The type of specimens and preliminary 
curing procedures were the same for 
exposures 2, 10, and 10-1. The speci- 


3 Hr Electric Clock 
Sprocket for Operation of Mercroid Switch 


| Valve -Operated by Mercroid Switch 


3/4 Tap Water Line 


_f\- Mixing Valve 


5 Rows of Holes Drilled in 34 Brass Pipe- 
Holes Spaced Apart 


“a Hp Motor 2'X2'X6' Water Tank Will 
Hold 60 4"X16" Beams 
Suction Well 
Fe 
7 T 


vam 


1" Centrifugal Pump 


water and center of beam through a 
complete cycle for exposures 10 and 10-1. 


WETTING-AND-DRYING ExposuRE— 
EXPOSURE 2 


Exposure 2 is a wetting-and-drying 
cycle which consists of placing the speci- 
mens in a drying oven at 130 F for 8 
hr, followed by immersion in water at 
70 to 80 F for 16 hr. The cycle is re- 
peated five days each week, the speci- 
mens remaining immersed over Satur- 
days and Sundays. A comparison of 
wetting-and-drying tests with a field 
survey made by White (2) showed that 


3"-4" Reservoir of Water | | 


Maintained by Overflow 
Pipe in Bottom of Tank 


Fic. 2.—Schematic Drawing of Exposure 10. 


mens were 3 by 4 by 16-in. beams pro- 
vided with gage points in each end. All 
beams were cured 24 hr in the molds in 
the moist closet, six days in the moist 
room, and then stored on racks in the 
air-conditioned laboratory at 74 F and 
55 to 60 per cent relative humidity for 
21 days. All specimens were then placed 
in water at 70 F for two days before the 
exposure tests were started at 30 days of 
age. In addition to the 30-day curing, 
several concretes were cured only 7 days 
in the moist room before being placed in 
exposure 10-1. 

Concretes that were cured only 7 days 


1 
{ 
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~ in the moist room developed longitudinal 
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Temperature Cycles 


4 


. there is only occasional cracking with 
_ cracks on the 4-in. face of the specimen 30-day curing, tests should not be started 
at early ages of the test: The 30-day before this age has been attained. el 
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curing partially eliminated the longi- 
tudinal cracking so that the cracks de- 
veloped only occasionally. These cracks 
are evidently caused by thermal stresses; 
unless expansion accompanies this crack- 
ing, it should not be considered to be 
evidence of adverse reaction. Because 


CONCRETES AND MATERIALS 
A wide variety of cements, aggregates, 
and pozzolanic materials were used in 
various combinations to obtain some 69 
concretes of various characteristics. The 
concretes were made with a variety of 
cements having a wide range in chemical 


Fe. 3.—Relation of Spray Water Temperature and Beam Temperature for Exposures 10 and 10-1. 
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analysis, particularly in alkali content 
as expressed by sodium equivalent (Table 
I). 

The aggregates were obtained from 
various localities, and their field service 
records in concrete structures had been 
fairly well established: 
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test (exposure 2) to field exposure, from 
which it would appear that the method 
shows rather satisfactory correlation with 
field exposure. A comparison of the ex- 
pansion of concretes subjected to 7.5 yr 
of outside weathering (3, 4) with ex- 
posure 2 is given in Fig. 4. 


Aggregate Source Field Service Record 
Republican River sand gravel (S.G.).......... Wakefield, Kans. Poor 
Manhattan, Kans. Good 


* A molten glass material cooled in water and collected from bottom of powdered coal-burning 


furnace. 


In some instances, the aggregates listed 
above having a generally poor service 
record have demonstrated a good field 
performance when used with certain 
cements. 

The concrete mixtures produced con- 
cretes with workability and economy 
normally recommended for the majority 
of structures. The essential mixing data 
are included on the figures showing the 
expansion of the test specimens. 


CORRELATION OF EXPOSURE 2 WITH 
FIELD ExposuRE 


Considerable data are available for 
comparison of the wetting-and-drying 


It is to be noted that there are marked 
differences in performance of the con- 
cretes made with the two sand gravels. 
With the Kaw River aggregate there was 
a marked difference in the extent of the 
deterioration of concretes made with the 
different cements. With this aggregate, 
which has a poor service record, 11 
cements developed an expansion of 0.07 
per cent or more in the wetting-and- 
drying test, and 10 of the cements de- 
veloped more than 0.1 per cent expansion 
in outdoor exposure. On the other hand, 
with the Blue River aggregate, which has 
a good service record, only one of the 
24 cements developed an expansion of 


TABLE I.—CHEMICAL ANALYSIS OF CEMENTS, PER CENT. 


Cement SiO: | AlsOs | FexOs | CaO | MgO | SOs K:0 | Na:O 
(RRR vs arcs: 20.7 | 6.00 | 3.45 | 63.18 | 2.84 | 2.07 | 1.05 | 0.45 | 0.27 
SERS DES 20.77 | 5.90 | 2.82 | 62.23 | 2.77 | 2.30 | 1.07 | 0.59 | 0.28 
_ FRR: 22.24 | 5.86 | 3.01 | 64.46 | 0.51 | 2.08 | 1.19 | 0.52 | 0.32 
ees 20.90 | 6.55 | 2.55 | 63.63 | 1.96 | 1.89 | 1.55 | 0.21 | 0.28 
SR eee 21.24 | 4.72 | 2.48 | 63.91 | 4.40 | 1.87 | 1.00 | 0.73 | 0.16 
Eee Me 21.00 | 5.78 | 2.49 | 63.30 | 3.52 | 2.03 | 1.22 | 0.74 | 0.16 
: RENE Cee 2 20.73 | 2.22 | 6.68 | 63.85 | 2.31 | 0.73 | 1.88 | 1.40 | 0.20 


4 
i 
‘ 
Equiv- 
i Total 
Alkali 5 . 
0.57 
0.67 
0.66 
0.42 
0.64 
0.65 
1.12 


Expansion, per cent @ 
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more than 0.07 per cent in the wetting- 
and-drying cycle, and this same cement 
was the only one that developed an ex- 
pansion of more than 0.1 per cent after 
7.5 yr of outdoor exposure. 


Discussion OF CONTINUOUS 
Spray Exposure 


a Figures 5 through 10 show a compari- 


son of the expansion from wetting and 
drying (exposure 2) with the expansion 
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in exposure 10 is exceptionally good, 
particularly for the discrimination be- 
tween good and bad cement-aggregate 
combinations. Just why the lower tem- 
perature used in exposure 10-1 does 
not accelerate the rate of deterioration 
is not quite understood. This fact seems 
to indicate that at least part of the 
mechanism associated with cement- 
aggregate reaction is a physical as well 
as a chemical phenomenon. 


Kaw River Sand-Gravel 


0 360 Day Wet and Dry Test 
i 7.5 Yr Field Exposure 


* Visible Map Cracking 


Fic. 4.—Comparison of Expansion from Wetting-and-Drying Tests with Expansion from Field 
Exposure. Cements arranged in descending order of expansion in exposure 2. 


from a continuous spray of water (ex- 
posure 10). Figure 5 shows that very little 
expansion occurs in exposure 10-1 
(spray temperature 68 to 118 F) even 
though the concretes were subjected to 
4000 cycles (in approximately 125 days). 
On the other hand, 6 of the 12 concretes 
showed 0.1 per cent expansion after only 
2000 cycles in exposure 10 (spray tem- 
perature 68 to 130 F). Furthermore, the 
correlation between the expansion after 
360 days of wetting and drying in ex- 
posure 2 and expansion after 2000 cycles 


A review of Figs. 5 through 10 will 
show a reasonably good correlation 
between the wetting-and-drying test 
and the continuous spray of water. The 
only discrepancy between the two types 
of exposure is that several of the 
concretes developed little expansion in 
exposure 2 but developed considerable 
expansion in exposure 10. In other words, 
a concrete that shows a satisfactory per- 
formance in exposure 10 could be expected 
to do likewise in exposure 2. 

It is difficult to determine the merit 
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of an accelerated test that is to simulate 
field conditions because of the complexity 
and inherent nature of concrete. To some 
extent, the correlation of exposure 10 
has been made indiréctly with the field 
service record through exposure 2 
(3, 4). Almost without exception, how- 
ever, the service records of concrete 
structures throughout Kansas and Ne- 
braska show an excellent correlation 
with the expansion after one year in 
exposure 2. In view of this, it would not 
seem unreasonable to expect a satisfac- 
tory service record from a concrete that 
has shown an expansion of 0.07 per cent 
or less during 2000 cycles in exposure 
10. In instances of borderline cases 
further tests and studies of the concrete 
are recommended. 

The authors believe that exposure 10 
is a suitable rapid method of test for 
studying cement-aggregate reactions or 
incompatibility of all the constituents 
of concrete. The apparatus is simple, 
inexpensive, and requires a minimum 
of handling of the specimens during the 
testing cycles. 


CONCLUSIONS 


The significant facts about exposure 
10 that make it of unusual value as a 
means of studying cement-aggregate 
reaction are as follows: 
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1. A period of 90 days from the time 
of casting specimens is sufficient to dis- 
criminate between concretes with un- 
desirable expansion and those with little 
or no expansion. The 90-day period in- 
cludes a 30-day curing period followed 
by approximately 60 days exposure to 
the test. 

2. This test makes it possible to study 
the effects of other constituents of con- 
crete—the cement, the fine aggregate, 
the coarse aggregate, and any additions 
or treatments that might be introduced. 

3. The equipment is automatic and 
requires a minimum of handling of the 
specimens during the exposure period. 

4. The results from exposure 10 paral- 
lel rather closely field observations and 
the laboratory wetting-and-drying tests 
of exposure 2. As an example, studies at 
Kansas State College (4) and the result 
of field observations show that certain 
coarse aggregates such as a limestone 
definitely inhibit the deterioration of 
concrete from cement-aggregate reac- 


tion. The results from exposure 10, as _ 
shown in Figs. 6 and 7, exhibit practically _ 


no expansion for concretes containing 
Moline limestone. 


5. Concretes that show a satisfactory _ 
performance in exposure 10 could be — 


expected to do the same in the wetting- 
and-drying tests of exposure 2 and in 
the field. 
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port of the Engineering Experiment Station, 
Kansas State College, and the Portland 
Cement Assn., 23 pp. (1951). 
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STATISTICAL RELATION 


12-in. size. 


It is often desirable to know the rela- 
tionship between modulus of rupture 
and the compressive strength of concrete. 
This relationship is often involved in 
various specifications and consequently 
should be well established. In connection 
with various investigations at the Uni- 
versity of Illinois, a considerable amount 
of data has been accumulated on flexure 
tests and compression tests. The flexure 
tests were made on spans of 60 and 18 
in. The compression tests were made on 
both the modified cube and the standard 
cylinder. The specimens for the modified 
cube test were obtained from the flexure 
tests that were made on the 18-in. span. 
The information obtained from these 
* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 
1 Associate Professor of Theoretical and 


Applied Mechanics, University of Illinois, 
Urbana, Iil 


BETWEEN 
AND BEAM STRENGTH OF PLAIN CONCRETE* 


SYNOPSIS 


The relationship between the cylinder, modified cube, and beam a 7 ; 
of plain concrete is determined statistically for concrete having nan lll 
strengths and made from different mixes. The aggregates used were the same : 
for all specimens. The results presented are based on over 1400 individual — wo 
static tests involving concrete of different strengths and ages. 

Beams having 6 by 6-in. cross-section were tested on two different span 
lengths, 60 and 18 in. Modified cube tests were conducted on the broken 
pieces obtained from these beam tests. Cylinders tested were standard 6 by 


The information obtained from these tests has been presented in five graphs 
which have been fitted with “least squares” 
coefficient of correlation and the standard error of estimate is given. 


CYLINDER, MODIFIED CUBE, 


curves. For each curve the 


tests has been analyzed statistically and 
the results are presented herein. 


MATERIALS 


Both the fine and coarse aggregates 
are from the Wabash River near Coving- 
ton, Ind. These aggregates are part of a 
glacial outwash probably from the Wis- 
consin glaciation. The sand has an 
average fineness modulus of 3.0. The 
coarse aggregate was well graded and had 
a maximum size of 1 in. The bulk specific 
gravities were 2.66 and 2.70 for sand 
and gravel, respectively. The absorption 
of the aggregates was about 1 per cent 
by weight of the surface dry aggregate. 
Both of these aggregates passed the usual 
specification tests. The cement used was 
a type I portland cement. This cement 
was purchased in paper bags from time 
to time, and several brands were used. 
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The mixtures used were such that 
good, workable concretes were obtained. 
The compressive strength of the cylinders 
varied from about 1500 to nearly 7000 
psi. The slump varied from 1 to 7 in. The 
concrete was mixed in a Lancaster pan- 
type mixer of about 2-cu ft capacity. 


tT Beam (60" Span) 


6", 6" 


Beam (18" Span) 
(b) 


6" Square 


Modified Cube 
(c) 


Stondard 6" " 12" Cylinder 


Fis. 1. Test Specimens. 


From each batch of concrete one beam 
6 by 6 by 64 in. and four standard 12-in. 
cylinders were cast. The concrete was 
cured in a moist room, having a tem- 
perature of about 74 F and a relative 
humidity of 100 per cent, for seven days 
and then cured in the normal laboratory 
atmosphere until tested. This is not the 
28-day moist curing recommended by 
ASTM for standard tests. 
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METHODS OF TESTING 


The 60-in. beams were loaded as 


shown in Fig. 1(a) and tested to failure 
under either static or repeated load. A 
system of rollers and balls was used in 
the loading equipment to eliminate tor- 
sion on the specimen. The “halves” 
were then subjected to flexure tests, 
Fig. 1(6), using an 18-in. span and third- 
point loading as outlined in the ASTM — 
Standard Method of Test for Flexural _ 


Strength of Concrete (Using Simple 


Beam with Third-Point Loading) 
(C 78 — 49),? except that the half beams — 
were not turned on their sides previous 
to being tested in flexure. While the 


specimen weight was included in the 


computation for the modulus of rupture — 


for beams tested on the 60-in. span, it . 


was not included for the beams tested 
on the 18-in. span. Owing to the short- 
ness of the 18-in. span and also to the 
fact that there was overhang of the 
specimen, any stress due to the weight 
of the specimen would be insignificant. _ 
Upon completion of the flexure tests 
on the 18-in. span, four pieces of each 
original beam were available. These were 
tested as modified cubes, Fig. 1(c), ac- 
cording to ASTM Standard Method of | 
Test for Compressive Strength of Con- 
crete Using Portion of Beams Broken 
in Flexure (C 116-49).* The cylinders 
were tested, Fig. 1(d), in general accord- 
ance with the ASTM Standard Method 
of Test for Compressive Strength of 
Molded Concrete Cylinders (C 89 
The modified cube specimens were 
capped with Hydrocal gypsum cement 
at least six hours before testing; the 
cylinders were cast on machined cast 
iron plates and were capped with neat 


21952 Book of ASTM Standards, Part 3, 
p. 1051. 
3 Tbid, p. 1038. 


4 Tbid, p. 1040. 
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cement three or four hours after casting. 
The ages of specimens at the time of 
testing varied from about 3 to about 9 
months. 
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good estimate of the dependent variable. 
As will be noted, there are different 
numbers of observations for the different 
parameters. To be strictly correct these 


The results of the tests are presented 
_in Figs. 2 to 6. In all cases the abscissa 
_ is taken as the independent variable and 


These figures should be approached with 
the thought that if the true value of the 
"independent variable is known then the 
. line of regression will give a reasonably 
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Modulus Of Rupture (i8" Span), psi. a 


should be weighted; however, taking an 
engineering view, this was not done be- 
cause of the apparently small difference 
it would make in the locations of the 
lines of regression. 

The confidence limits of the line of 
regression for the quantity being pre- 
dicted are shown at the 90 per cent level. 
These limits are shown as dash-dot lines 
on the figure. The odds are about 9 to 1 
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against any values falling outside these 
limits. The coefficient of correlation when 
given applies to the sample correlation 
and is only an estimate of the true cor- 
relation of the universe. 

A comparison of the moduli of rupture 
for beams tested on spans of 60 and 18 
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ture on a 60-in. span is 45 psi for the line 
of regression and 47 psi for the dashed 
line. This indicates that the modulus 
of rupture obtained from a test on a 
span of 18 in. may, with little error, be 
considered the same as that obtained 
if the specimen were tested on a span of 


Fa 
. 
> 
1000 
10002000 3000 4000-5000 6000-7000 6000 
= Modified Cube Strength, psi 


Fic. 3.—Line of Regression of Cylinder Strength on Modified Cube Strength. 


in. was made in Fig. 2. All 56 points in 
this figure were obtained from static load 
tests. The solid line was determined 
statistically by the “least squares” 
method, while the dashed line represents 
equality of the moduli of rupture for the 
two span lengths. The coefficient of 
correlation for the line of regression of 
the modulus of rupture of beams tested 
on a span of 60 in. to that of beams 
tested on a span of 18 in. is 0.86 and 
for the dashed line is 0.85. The standard 
error of estimate of the modulus of rup- 


q 


60 in. Even though the “halves” used 
in the tests with the 18-in. span had 
previously been subjected to bending in 
the tests with the 60-in. span, it is be- 


lieved their ultimate flexural strength 7 


was unaffected.’ 
The relationship obtained between the 
cylinder strength and the modified cube 


strength is shown in Fig. 3. The speci- _ 


5C. E. Kesler, “Effect of Speed of Testing 
on Flexural Fatigue Strength of Plain Concrete,” 
Proceedings, Highway Research Board, Vol. 32, 
p. 251 (1953). 


. 
. 
n 
- 
e 
f 
a 
Ss 
1 


mens used for the modified cube test were 
from beams that had been subjected to 
a static flexure test first on a 60-in. span 
and also on an 18-in. span, or from 
beams that had been tested to failure 
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for the line of regression is 0.85, and the 
standard error of estimate for the 
cylinder strength is 420 psi. These tests 
indicate that the modified cube specimen 
gives a compressive strength significantly 


under repeated loads on a 60-in. span 
and then tested statically on an 18-in. 
span. There are 147 points on this graph, 
each representing the average of four 
modified cube specimens and three or 
four cylinders. The line shown on the 
graph is the line of regression of the 
cylinder strength on the modified cube 
strength. The coefficient of correlation 
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higher, about 20 per cent for concretes 
of average strength, than the standard 
cylinder for the same material. This is 
in contrast with a previous statement by 
Koenitzer* that the modified cube tests 


*L. H. Koenitzer, ‘Proposed Method of 
Making Compression Tests on Portions of 
Concrete Beams from Flexure Tests,’’ Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 34, 
Part II, p. 406 (1934). 
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ON STATISTICAL RELATIONSHIPS IN CONCRETE 


give results that are close to those ob- 
tained in tests of standard cylinders and 
that no correction factor need be applied. 

Clemmer’ and others* have stated 
that the results of modified cube tests 
are more consistent than those of cylinder 
tests. In order to check this statement, 
all the sets of tests having four modified 
cube specimens and four cylinder speci- 
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It was assumed the tests would have a 
normal distribution and the variance’ for 
the modified cube tests was found to be 
63,500 and for the cylinder tests, 55,800. 
A check made at the 10 per cent level 
indicated that this difference in variance 
was not significant. It is concluded, there- 
fore, that one test is as consistent as the 
other. 
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Fic. 5.—Line of Regression of Cylinder Strength on Modulus of Rupture. 


mens made from one mix proportion 
were studied statistically. The average 
cylinder strength of this particular mix 
was 3500 psi. Twenty sets, 80 specimens 
each of modified cubes and cylinders, 
were available for this study. Each set 
was from a different batch of concrete. 


7H. F. Clemmer, “Comparison of Trans- 
verse and Compressive Tests of Concrete,” 
Public Works, Vol. 57, p. 204 (1946). 

8“Factory Produces Prestressed Buildings,” 
Engineering News-Record, March 19, 1953, 
p. 31. 


The relation between the cylinder 
strength and the modulus of rupture for 
beams tested on an 18-in. span is shown 
in Fig. 4. There are 143 points on this 
graph. Each point represents the results 
of two flexure tests and three or four 
compression tests. This information was 
plotted three different ways, one being 
to an arithmetic scale as shown on Fig. 4 


J. Dixon, F. J. Massey, Jr.,“‘Introduc- 
tion to Statistical Analysis,” McGraw-Hill 
Book Co., Inc., New York, N. Y., p. 91 (1951). 
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and others to semilog and log-log scales. 


Different curves were fitted to the points 
plotted in these various ways, and it was 
concluded that a straight line on the 
arithmetic plot provided the best repre- 
sentation. For the line of regression 


1184 KESLER ON STATISTICAL RELATIONSHIPS IN CONCRETE 


crete to 12 per cent for the high-strength 
concrete. 

In Fig. 5 is shown the line of regres- 
sion of the cylinder strength on the 
modulus of rupture. The information used 
in this figure is the same as that used 


shown, modulus of rupture on the 
cylinder strength, the coefficient of cor- 
relation is 0.70 and the standard error of 
estimate of the modulus of rupture is 
75 psi. This graph shows that the mean 
value of the modulus of rupture varies 
from about 22 per cent of the compres- 
sive strength for the low-strength con- 


Modified Cube Strength, psi. 
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FG. 6.—Line of Regression of Modulus of Rupture on Modified Cube Strength. 


in Fig. 4, the variables being inter- 
changed. The standard error of estimate 
of the cylinder strength is 630 psi. Figure 
5 shows that the mean value of the com- 
pressive strength varies from about 7.5 
times the modulus of rupture for low- 
strength to 6.5 times for the high- 


strength concrete. a 
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The relationship between the modulus 
of rupture and the modified cube strength 
is shown in Fig. 6. Each of 155 points 
shown here represents two flexure tests 
and four compression tests. For the line 
of regression shown, modulus of rupture 
on the modified cube strength, the coeffi- 
cient of correlation is 0.74 and the 
standard error of estimate of the modulus 
of rupture is 75 psi. The coefficient of 
correlation for the relationship between 
the modified cube strength and the 
modulus of rupture is slightly better than 
for the relationship between the cylinder 
compressive strength and the modulus 
of rupture. This can probably be ac- 
counted for by the fact that the modified 
cube tests were made on portions of the 
same specimens that were used to obtain, 
the modulus of rupture. It may also be 
seen from Fig. 6 that the mean value of 
the modulus of rupture varies from 
slightly less than 18 per cent of the 
modified cube strength for the low- 
strength concrete to about 12 per cent 


for the high-strength concrete. x 


From the information -presented, for 
specimens cured and tested as described, 
the following conclusions may be drawn: 

1. The modulus of rupture obtained 
from tests on a beam having a span of 
18 in. and loaded at the third points 
does not vary significantly from that 
obtained from tests on a beam having a 
span of 60 in. and loaded at the third 
points. 

2. The mean value of the modulus of 
rupture varies from about 22 per cent of 
the mean value of the cylinder compres- 
sive strength for the low-strength con- 
crete to about 12 per cent for the high- 
strength concrete.‘The standard error 
of estimate of the modulus of rupture 
is 75 psi. 

3. The mean value of the cylinder 
strength varies from 7.5 times the 
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CONCLUSIONS 
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modulus of rupture for the low-strength 
to 6.5 times for the high-strength con- 
crete. The standard error of estimate of 
the cylinder strength is 630 psi. 

4, The mean value of the modulus of 
rupture varies from about 18 per cent of 
the mean value of the modified cube 
strength for the low-strength concrete 
to about 12 per cent for the high-strength 
concrete. The standard error of estimate 
of the modulus of rupture is 75 psi. 

5. The standard concrete cylinder 
gives a compressive strength having a 
mean value about 80 per cent of the 
mean value of the modified cube strength 
for low-strength concrete but about the 
same or only slightly lower strength for 
high-strength concrete. The standard 
error of estimate of the cylinder strength 
is 420 psi. 

6. There is no significant difference 
between the consistency of the values 
from the cylinder and modified cube 
tests. 

It is believed that the information 
presented will apply in general to any 
concrete of good design manufactured 
with sound natural aggregates. The rela- ; 


tionships between the modulus of rupture © 

and compressive strength will probably : 


be different for concrete made with 
crushed aggregate. It is expected that — 
certain admixtures will affect these re- _ 
lationships somewhat and that the use 

of lightweight aggregates may give en- 
tirely different values for the relation- 
ships presented. 

It is not intended that these curves be - 
used to obtain quantitative values, but 
they are put forth only to indicate what 
might reasonably be expected. However, 
the larger the number of observations 
the more accurate the predictions. 
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Mr. C. H. Scnorer.'—I wish to com- 
ment on the relationship between com- 
pressive strengths and flexural strengths 
of concretes as indicated in Mr. Kesler’s 
paper. Our experience would indicate 
that the data he has secured are sub- 
stantially in agreement with our results 
with one highly significant exception. 
When concrete has been subjected to 
deteriorating influences such as freezing 
and thawing or cement-aggregate reac- 

_ tion, these relationships break down. In 
many instances, in fact in hundreds of 
cases, virtually no loss in compressive 
strength may occur due to the deteriorat- 
_ ing influences, but losses as high as 60 
per cent in flexural strength may be 
shown. 

It is my judgment that in any test 
where deteriorating influences may have 
developed, the compressive strength may 
be a very inadequate measure of the 
_ damage done to the concrete. Any as- 
sumption of a relationship between 
flexural and compressive strength would 
_be unjustified in such instances. 

Mr. T. F. (by letter).—A few 


about the “confidence limits” of his re- 
_ gression lines seem called for. Regarding 
these limits, Mr. Kesler says “the odds 
- are about nine to one against any values 
falling outside these limits.” As worded 
the statement is erroneous. Interpreted 


1 Professor of Applied Mechanics, Kansas 

State College of Agriculture and Applied Sci- 

ence, Manhattan, Kan. 

- *Chief, Research Section, Division of Ma- 
terials, Missouri State Highway Dept., Jeffer- 

son City, Mo. 
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Tetsuichi Mitsuda, a former graduate 
student in the Department of Theoretical 
and Applied Mechanics, who carried 
out many of the statistical computations. 


DISCUSSION 


literally, and expressed in terms of prob- 
ability instead of odds, the statment in- 
dicates the probability to be 0.9 that not 
even one measured value of the de- 
pendent variable (regardless of the 
number of different values considered) 
will fall outside the confidence limits. 
Actually 0.9 is the probability, applicable 
individually to each measured value of 
the dependent variable, that such value 
will not fall outside these limits (or that 
it will fall inside these limits). With this 
in mind, if we consider 56 values, such as 
are included in Fig. 2, the probability 
that no value will fall outside the confi- 
dence limits is 0.9°* or 0.003—; hence 
“the odds against amy value falling out- 
side” are only about 1 to 332. This is 
vastly different from nine to one and in- 
dicates practical certainty that one or 
more values will fall outside. 

The idea the author probably intended 
to convey was that, for any one specific 
concrete belonging to the population 
sampled (which concrete has a value of 
the independent variable within the 
range covered by his experimental sam- 
ple), if one predicted that the measured 
value of the dependent variable would 
fall within the confidence limits, the odds 
are nine to one that he would be right. 

It should perhaps also be pointed out 
that under a rigorous interpretation of 
the mathematics involved, one cannot 
use an estimated regression as the basis 
for several predictions and expect the 
indicated probability level of the con- 
fidence limits to hold consistently. This 
results from the fact that the mathe- 
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matical expression defining the prob- 
ability level takes into account not only 
) the variation in the dependent variable 
but also the sampling variation in the 
estimates of the regression coefficients 
and the standard deviation. If the orig- 
inal estimates are held constant and used 
repeatedly, the assumptions made in 
formulating the probability statement 
have been violated and the actual ef- 
fectiveness of the statement is inde- 
terminate. If, however, one adopts Mr. 
Kesler’s “engineering view” and insures 
that predictions are being made about 
members of the population of concretes 
he sampled, a series of predictions based 
on a single estimate of the regression co- 
efficients will probably result in rela- 
tively few errors of consequence. 
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Mr. C. E. Kester (author).—Mr. 
Scholer’s discussion brings out an im- 
portant point that evidently is not clear 
from the paper. The results given apply 
only to sound concrete made of the ag- 
gregates used in these particular tests 
and cured and tested as indicated. The 
relationship between compressive and 
flexural strengths would not only be in- 
fluenced by deteriorating influences, but 
also various aggregates will give different 
results. A crushed stone aggregate should 
not be expected to give the same rela- 
tionship as a well rounded gravel. 

Mr. Willis’ discussion is much appreci- 
ated and does clear up an apparently 
erroneous statement. The author’s intent 
is correctly expressed in the second para- 
graph of Mr. Willis’ discussion. 
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x analysis i is a necessary part of the pro- 
~ cedure. By petrographic examination, the 


PETROGRAPHIC EXAMINATION OF CONCRETE AGGREGATE* 


By Ricwarp C. MIELENz! 


Petrographic examination of concrete 
aggregate is visual examination and 
analysis of the material in terms of both 
lithology and properties of the individual 
particles. The procedure requires use of 
a hand lens and petrographic and stereo- 
scopic microscopes; less commonly, 
X-ray diffraction or differential thermal 


relative abundance of specific types of 
rocks and minerals is established; the 


_ physical and chemical attributes of each, 


- tential alkali reactivity, are described; 


such as particle shape, surface texture, 
pore characteristics, hardness, and po- 


coatings are identified and described; and 
the presence of contaminating substances 
is determined. 

As will be discussed subsequently, 
petrographic examination contributes in 
several ways to the investigation, selec- 
tion, testing, and control of aggregates. 
Consequently, the method is_ being 
progressively more widely applied. Since 
1936, all aggregates used in concrete con- 
struction by the Bureau of Reclamation 
were examined petrographically as a part 
of the basis for their selection (1).2 The 


_ method has been applied similarly by 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

' Head, Petrographic Laboratory, Bureau of 
lteclamation, Denver, Colo. 

* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1217. 


the Corps of Engineers since before 
1940 (2). Techniques of petrographic ex- 
amination are described in several papers 
published during and since 1946 (1, 2, 3, 
4, 5, 6). Petrographic examination of 
aggregates is performed also in several 
other governmental agencies and state 
highway departments and may be ob- 
tained through commercial laboratories. 

In 1952, the ASTM accepted a Tenta- 
tive Recommended Practice for Petro- 
graphic Examination of Aggregates for 
Concrete (C 295), and the procedure was 
adopted as standard in 1954. Reference 
to petrographic analysis is included in 
the Tentative Specifications for Concrete 
Aggregates (C 33).4 

The abundant data obtained and the 
rapidity with which petrographic exam- 
ination can be completed justify more 
general use of the method in investiga- 
tion, selection, manufacture, and use of 
concrete aggregate. 

This paper summarizes the objectives 
and applications of petrographic exam- 
ination of aggregates with reference to 
gravel, sand, crushed stone, slag, and the 
most common types of lightweight aggre- 
gate. Techniques of the examination are 
treated very briefly because satisfactory 
instructions have been published (2, 3, 6) 
and are included in ASTM Recom- 
mended Practice C 295.* 


31952 Book of ASTM Standards, Part 3, 


p. 978. 
#1952 Book of ASTM Standards, Part 3, 
p. 897. 
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MYELENz oN PETROGRAPHIC EXAMINATION OF AGGREGATE 


PURPOSE OF THE PETROGRAPHIC 


EXAMINATION OF CONCRETE 
AGGREGATES 


Preliminary Determination of Quality: 


Preliminary petrographic examination 
of concrete aggregate is performed either 
in the field or in the laboratory as an 
adjunct to geologic examination, ex- 
ploration, and sampling. As will be shown 
subsequently, the examination assists the 
geologist or materials engineer in deter- 
mining the extent to which consideration 
of an undeveloped deposit is justified. 
Also, the preliminary petrographic ex- 
amination indicates the relative quality 
of aggregates from alternate sites. By 
revealing variations in ihe material, ex- 
amination of exposures or core from pilot 
drill holes establishes the minimum pro- 
gram of exploration and sampling neces- 
sary for acceptance or rejection of the 
deposit. 


Establishing Properties and Probable Per- 
formance: 


Petrographic examination is primarily 
a supplement to the acceptance tests. 
Probable performance of concrete ag- 
gregate is estimated in two general ways 
by petrographic examination. First, the 
examination reveals the composition and 
physical and chemical characteristics of 
the constituents. From this information, 
the probable response of the aggregate to 
such phenomena as attack by cement 
alkalies, freezing-thawing, wetting-dry- 
ing, and heating-cooling, usually can be 
estimated. The rapidity with which the 
petrographic examination predicts poten- 
tial alkali reactivity of aggregate is espe- 
cially valuable because of the long time 
commonly required by tests of concrete 
or mortar. 

Second, petrographic examination es- 
tablishes the fundamental nature of ag- 
gregates so that aggregates from unfami- 
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liar sources can be compared with aggre- 
gates upon which information is avail- 
able. This application is discussed below. 


Correlation of Samples with Aggregates 
Previously Tested or Used: 


Detailed petrographic examination 
permits the comparison of samples with 
aggregates previously tested or used. 
This correlation can be made only by 
petrographic examination. Thus, data 
and experience previously obtained by 


" Courtesy of the Michigan State Highway De- 
partment. 


Fic. 1.—Popouts Produced by Claystone, 
Shale, and Chert in Concrete Pavement near 
Jackson, Mich. 


use and time-consuming tests of similar 
aggregates can be applied in the selection 
of materials proposed for current work, 
even though the materials may not have 
come from the earlier used sources. 

By relating the sample to aggregates 
previously used in construction, aggre- 
gate which is indicated to be unsound by 
standard tests may be found adequate, 
or conversely, aggregate indicated to be 
sound in standard tests might be found 
unsatisfactory for the intended use. 

For example, gravel in certain deposits 
near Jackson, Mich. meets usual specifi- 
cation requirements for soundness, abra- 
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sion resistance, and content of soft parti- 
cles, yet produces objectionable popouts 
in pavements after exposure for two 
winters (Fig. 1). Petrographic examina- 
tion of the gravel and of particles produc- 
ing popouts during service has revealed 
the identity of the unsound rock types. 
Examination of proposed materials will 
demonstrate the presence or absence of 
these rock types and thus will indicate, 
in the light of other data, whether the 
aggregate should be accepted, rejected, 
or subjected to special tests. 


Selecting and Interpreting Other Tests: 


All properties of aggregates influenc- 
ing performance of concrete are not 
ordinarily evaluated by test prior to 
selection of the aggregate to be used in 
the work, primarily because of cost and 
time required. Such factors as thermal 
properties and volume change with wet- 
ting-drying rarely are determined. Other 
properties, such as chemical reactivity or 
effect of the aggregate on the freezing- 
thawing resistance of concrete, usually 
are not determined for lack of time or 
facilities. Consequently, it is worthwhile 
to apply a test by which the relative sig- 
nificance of such properties can be de- 
termined and the need for supplementary 
quantitative tests indicated. 

Petrographic examination aids inter- 
pretation of other tests. For example, are 
the particles identified as clay lumps in 
accordance with ASTM Method C 142° 
indeed clay lumps or are they merely 
friable or pulverulent particles? What is 
the cause of unexpected failure of con- 
crete specimens in freezing and thawing? 
Is it the presence of unsound particles 
which do not disintegrate in the sulfate 
soundness test, yet expand in freezing 
and thawing? Is it the result of alkali- 
aggregate reaction? Is failure in the 
soundness or abrasion test the result of 


51952 Book of ASTM Standards, Part 3, 
p. 935. : 


complete breakdown of a small propor- 
tion of unsound or soft particles or partial 
disintegration of the greater proportion 
of the aggregate? 


Detection of Contamination: 


Petrographic examination is the best 
method by which deleterious and ex- 
traneous substances can be detected and 
determined quantitatively. Inadvertent 
contamination with natural substances, 
industrial products, or wastes, such as 


Fic. 2.—Coal in Sintered Clay Before Crush- 
ing (X 2.7) (reduced 4 in reproduction). 


from overburden or from trucks or rail- 
road cars not properly cleaned of previous 
cargo, may decrease the quality of aggre- 
gate markedly. Similar contamination 
introduced by containers may invalidate 
samples. Such substances as clay, soil, 
coal, vegetable matter, petroleum prod- 
ucts, or refractories containing calcium 
or magnesium oxides are especially im- 
portant. Contamination of synthetic 
aggregates also results from incomplete 
processing and consequent presence in 
the finished product of raw or partially 
fired raw materials or coal (Fig. 2). 
Undesirable substances that are in- 
herent in the material, such as coatings, 
clay, plant remains, coal, and soluble 
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salts, are detected easily and can be de- 
termined quantitatively by petrographic 
methods. 


Determining Effects of Processing: 


Petrographic examination aids in pro- 
duction and processing of aggregate. The 
relative merit of alternative processing 
methods and equipment can be deter- 
mined quickly by comparison of the 
original material with the processed ag- 
gregate. Comparison can be based on 
particle shape, content of unsound or 
chemically reactive constituents, pres- 
ence of coatings, or production of rock 
dust. 

The feasibility of beneficiation by re- 
moval of unsound or deleterious constitu- 
ents depends upon the properties of the 
particles and their abundance. By petro- 
graphic examination, the undesirable 
particles can be identified and separated. 
Their properties then can be evaluated 
and compared with properties of the re- 
mainder of the aggregate. If the particles 
are unusually soft, friable, dense, light- 
weight, or high in magnetic susceptibility, 
separation may be feasible on a commer- 
cial scale. 

Petrographic examination can be used 
to control the manufacture of synthetic 
aggregate, such as expanded shale or 
clay, perlite, slag, and others. Examina- 
tion and analysis by microscopy, X-ray 
diffraction, and differential thermal 
analysis reveal quantitatively the pres- 
ence of raw or underburned materials; 
deleterious substances, such as free lime 
or magnesia; and alkali reactive phases 
or contaminants such as coal, in relation 
to processing equipment and methods. 


PERFORMANCE OF THE PETROGRAPHIC 
EXAMINATION 
Samples for Petrographic Examination: 


Samples of aggregate for petrographic 
examination should be representative of 
the source. Recommended procedures for 


MIELENZ ON PETROGRAPHIC EXAMINATION OF AGGREGATE 


1191 


sampling and for preparation of the sam- 
ple for analysis are covered by the ASTM 
Standard Methods of Sampling Stone, 
Slag, Gravel, Sand, and Stone Block for 
use as Highway Materials (D 75)*® and 
the Recommended Practice for Petro- 
graphic Examination of Aggregates for 
Concrete (C 295).3 

The petrographic examination may be 
performed in a preliminary way in the 
field as an adjunct to geologic examina- 
tion, exploration, and sampling, or in the 
laboratory as a part of the program of 
testing and selection. 


Examination in the Field: 


Petrographic analysis of samples in the 
field usually is qualitative or only semi- 
quantitative because lack of facilities 
makes detailed work difficult. However, 
detailed examination in the field may be 
warranted if very coarse aggregate (for 
example, that retained on the 3-in. sieve) 
is to be used in the work, inasmuch as a 
representative sample of this size frac- 
tion necessarily weighs several hundred 
pounds and transportation of the sample 
to the laboratory is costly. Chips from 
cobbles not adequately identified by the 
hand lens are taken to the laboratory for 
further study. 

If the deposit or rock formation is vari- 
able, samples should be selected from 
each zone, and detailed notes made at 
the site should relate each sample to a 
particular zone and portion of the de- 
posit or formation. The relative propor- 
tion of unsound, fractured, or chemically 
deleterious materials should be estimated 
from measurements made at exposures. 
These notes and the results of the tests 
on the samples will be the basis for opera- 
tion of the deposit inasmuch as it may be 
desirable to waste or avoid zones or por- 
tions containing inferior or unsuitable 
materials. 


61952 Book of ASTM Standards, Part 3. 
p. 949. 
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Examination in the Laboratory: 


Petrographic examination of aggregate 
in the laboratory may be brief or de- 
tailed. Brief examination indicates the 
relative merit of materials from alternate 
sources and supplies justification for 
abandonment or continued investigation 
of undeveloped deposits. The preliminary 
examination should not replace the 
quantitative analysis included in the 
program of acceptance tests. 

Samples supplied to the laboratory 
comprise: (1) granular materials, such as 
gravel, sand, crushed stone, slag, or syn- 
thetic aggregate; (2) quarried stone in 
blocks and irregular pieces; or (3) drilled 
core. For granular materials, the exam- 
ination should be performed on all size 
fractions included in the aggregate. The 
sample of each size fraction should com- 
prise a minimum of 300 particles. For 
natural sind and gravel and crushed 
stone, the minimum representative sam- 
ples are as follows: 


Size fraction 
19 Ib 

0.033 g 


Samples for petrographic examination 
are obtained by sieving in accordance 
with the ASTM Standard Method of 
Test for Sieve Analysis of Fine and 
Coarse Aggregates (C 136)’ and the 
Standard Method of Test for Amount of 
Material Finer than No. 200 Sieve in 
Aggregates (C 117).§ The fractions are 
quartered or, for fine aggregate, split re- 
peatedly onan appropriate riffle. Specially 


71952 Book of ASTM Standards, Part 3, 
p. 954. 

§ 1952 Book of ASTM Standards, Part 3, 
p. 933. 
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calibrated and fabricated cups holding 
100 grains in the various size fractions 
have proved convenient in the Petro- 
graphic Laboratory of the Bureau of 
Reclamation for obtaining the small 
samples of fine aggregate for the analysis. 

Details of procedure are outlined by 
Mather and Mather (2) and in ASTM 
Recommended Practice C 295.3 

During the analysis, helpful clues to 


Fic. 3. the Petrographic 
ination of Aggregate with the Stereoscopic Mi- 
croscope. 


identity and physical condition can be 
obtained by noting such features as: (1) 
friability or pulverulence in the fingers; 
(2) resonance when struck; (3) ease of 
fracturing; (4) nature of the fracture sur- 
face and fracture fillings; (5) odor on 
fresh fracture; (6) color and its variation; 
(7) internal structure, such as porosity, 
granularity, or lamination; and (8) reac- 
tion to water, such as absorption of drop- 
lets on fresh fracture, evolution of air on 
immersion, capillary suction against the 
tongue, slaking, softening, or swelling. 
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Fractions retained on the No. 30 sieve 
are best identified, examined, and 
counted under the stereoscopic micro- 
scope (Fig. 3). The finer fractions usually 
are identified most easily in immersion 
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polished surfaces always should be used 
in analysis of blast-furnace slag. X-ray 
diffraction and differential] thermal analy- 
sis may be required to identify or deter- 
mine quantitatively constituents that 


rSandstone with Kaolinite 
Pai Sisga Dom, Colombia, SA. 


Nontronite, New York 


near Konsos 


with Organic Motter 
Chickamauge Dom, 


(lems with Pyrite 


Limestone with Organic Matter 
City, Konsas 


Cripple Creek, Colo. 


Heating Rate |i C per min 


| 


100 


200 300 400 500 600 700 800 900 
Temperature, deg Cent 


Fic. 4.—Typical Differential Thermal Analysis Records Obtained on Concrete Aggregates. 


1000 1100 


Kaolinite is indicated by the endotherm (downward shift) at 500 to 730 C and the exotherm (upward shift) at 990 to 
1025 C. Nontronite is revealed by endotherms at 100 to 350 C and 450 to 550 C. Illite produces the small endotherms at 
100 to 200 C and 500 to 615 C. Organic matter produces large exotherms at 430 to 500 C or 440 to 600 C. Pyrite develops a 


marked exotherm at 400 to 485 C. 


oils under the petrographic microscope. 
However, better continuity in the analy- 
sis is obtained if analysis of fractions 
passing the No. 30 sieve and retained on 
the No. 100 sieve is performed under the 
stereoscopic microscope. 

Thin sections occasionally are neces- 
sary in examination of natural aggregate. 
They usually are employed in the study 
of quarried stone. Thin sections or 


are finely divided or dispersed through 
particles of aggregate (Fig. 4). 
Ordinarily, analysis is performed on at 
least three size fractions of coarse aggre- 
gate and six size fractions of fine aggre- 
gate. The results may be used to compute 
the petrographic composition of the ag- 
gregate in any gradation comprising the 
analyzed fractions. Occasionally, one 
analysis only may be performed on a 
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graded aggregate. For such an analysis, 
the composition by count usually differs 
greatly from the composition by weight. 

Numerical results of the analysis may 
be expressed by weight or count for 
particles retained on the No. 30 sieve, but 
for the finer fractions, the results are 
based only upon count of grains unless a 
correction factor is applied. Conse- 
quently, consistent analyses of all frac- 
tions of fine and coarse aggregate can be 
reported only by count. Analysis by 
count is the more appropriate technically 
because the influence of particles of given 
type upon performance of concrete de- 
pends primarily upon their frequency 
and distribution in the mass. However, 
when applied to coarse aggregate only, 
the petrographic analysis is more rapid 
if the relative proportion of the several 
rock types or facies is determined by 
weight. 

Details of calculating and reporting 
are summarized in ASTM Recommended 
Practice C 295.* 


Observations Included in the Petrographic 

Examination: 

In reporting the results of the petro- 
graphic examination, the petrographer 
should supply information on the fol- 
lowing subjects as necessary to evalua- 
tion of the aggregate: 


Mineralogic and lithologic composition 

Particle shape 

Surface texture 

Fracturation 

Coatings 

Porosity, permeability, and absorption 

Volume change, softening, and disintegra- 
tion with wetting and drying. 

Thermal properties 


Hardness 

Chemical activity 

Solubility 
Oxidation, hydration, and carbonation 
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Cation exchange reactions 
Organic substances 
Alkali reactivity 


The significance of these properties is 
discussed by Rhoades and Mielenz 
(4, 5). 

It is intended that the properties indi- 
cated above be determined qualitatively 
by observation of the mineralogic com- 
position and texture of the particles or 
by simple tests, if appropriate. If other 
test data are available or if the particles 
can be compared petrographically with 
previously tested materials, the proper- 
ties can be evaluated semiquantitatively 
or quantitatively. 


Condition of the Particles: 


The following classification of proper- 
ties is that used by the Bureau of 
Reclamation to catalogue the physical 
and chemical condition of particles con- 
stituting an aggregate. Physical condition 
is defined by three terms: satisfactory, 
fair, and poor; chemical stability in con- 
crete is designated by two terms: in- 
nocuous and deleterious, as follows: 


Satisfactory—Particles are hard to firm, 
relatively free from fractures, and not flat 
or chiplike; capillary absorption is very small 
or absent, and the surface texture is rela- 
tively rough. 

Fair.—Particles exhibit one or two of the 
following qualities: Firm to friable; mod- 
erately fractured; capillary absorption small 
to moderate; flat or chiplike; surface rela- 
tively smooth and impermeable; very low 
compressibility; coefficient of thermal ex- 
pansion approaching zero or being negative 
in one or more directions. 

Poor.—Particles exhibit one or more of 
the following qualities: Friable to pul- 
verulent; slake when wetted and dried; 
highly fractured; capillary absorption 
moderate to high; marked volume change 
with wetting and drying; combine three or 
more qualities indicated under “fair.” 

Innocuous.—Particles contain no consti- 
tuents which will dissolve or react chemically 
to a significant extent with constituents of 
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TABLE I.—EXAMPLE OF TABULATION OF A PETROGRAPHIC ANALYSIS OF GRAVEL. 


Plant, Company, Near Denver, Colo. 
Sample No. 
Size Fraction, per 
cent by weight® 
; Physic hemi 
Rock Types 4 Description of Rock Types Cc 
| 3 | 8 f 
Granite. Medium- to fine-grained, | Satisfac- | Innocuous 
rounded to fragmental tory 
Weathered granite........ 12.0)17.7|17.2| Fractured, weathered, Fair Innocuous 
rounded to fragmental 
Deeply weathered granite. 0.5 Fractured, slightly friable, | Poor Innocuous — 
rounded to fragmental 
Coarse-grained granite. ...| 6.4| 6.1) 8.4) Pink, rounded, includes | Satisfac- | Innocuous 
some free quartz tory 
Fractured coarse-grained 
0.9 Pink, rounded, includes | Fair Innocuous 
some free quartz 
Rhyolite porphyry........ 0.8} 0.2) 1.1) Microcrystalline, porphyri- | Satisfac- | Innocuous 
tic, white to brown tory 
Andesite porphyry....... 2.2) 1.2) 0.1| Microcrystalline, porphyri- | Satisfac- | Innocuous 
tic, tan to green tory 
Weathered andesite por- 
0.3 As above, fractured and | Fair Innocuous 
weathered 
0.2 0.6) Weathered, fractured, black,| Fair Innocuous 
microcrystalline 
0.4) 0.1) Medium- to fine-grained, | Satisfac- | Innocuous 
hard, massive tory 
Granite gneiss...........|32.3)14.3]/15.8} Hard, banded, fine- to | Satisfac- | Innocuous 
medium-grained tory 
Weathered gneiss........ 10.3] 7.8| 2.7| As above, fractured to | Fair Innocuous _ 
slightly friable 
Deeply weathered gneiss. .| 0.2 As above, intensely frac- | Poor Innocuous © 
tured to friable 7 
2.2) 2.3) Hornblende schists, hard, | Satisfac- | Innocuous 
rounded tory 
Fractured schist.......... ..-| 0.4] 0.2) As above, fractured Fair Innocuous _ 
2.8) 6.2) 2.0) Fine-grained, hard, massive | Satisfac- | Innocuous 
to schistose tory 
Milky quarts............ 0.6) 1.0) 0.5| Massive, hard, brittle, dense,| Fair Innocuous 
smooth 
Quartzose sandstone...... 0.1 Fine-grained, massive, firm | Satisfac- | Innocuous 
to hard tory 
Ferruginous sandstone... . 0.4 Porous, brown, platy, quart-| Fair Innocuous 
zose 
0.2} 0.5} Soft, absorptive, rounded, | Poor Innocuous 
gray 
0.2 Cryptocrystalline, porphyri-| Satisfac- | Deleterious 
tic, pink to gray tory 


* Based upon analysis of 19.0 lb of 134- to 34-in., 2.7 lb of 34- to 3¢-in., and 0.80 lb of 3¢- to 3{¢-in. 
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the atmosphere, water, or hydrating port- 
land cement while enclosed in concrete or 
under ordinary conditions. 
Deleterious.—Particles contain one or 
more constituents in significant proportion 
which are known to react chemically under 
conditions ordinarily prevailing i in portland- 
cement concrete or mortar in such a manner 


Summarizing the Petrographic Examina- 
tion: 


Tables I, II, III, and IV exemplify a 
variety of forms in which the petro- 
graphic analysis may be reported. All are 
based upon samples received 'as a part of 
engineering investigations. The tabula- 


TABLE II.—EXAMPLE OF TABULATION OF A PETROGRAPHIC ANALYSIS OF 
NATURAL SAND. 


Plant, Company near Denver, Colo. 
Sample No. 
Amount, as number of particles in per cent 
In Size Fractions Indicated* In Whole Sample” 
Constituents 
Ne. | No. | Ne. | Ne. | Ne. No. 4 Physical quality|Chemical quality 
4-8 | 8-16 | 16-30 | 30-50 |so-100| "KG | No. 
200 | | | |De| Te 

Granite and granite gneiss} 34.9] 33.6) 21.0) 4.8) ... {13.5) 15.1 
36.5 36.71 3.0... |... .. | 8.2) 0.8/0.2) 9.2)...] 9.2 
Sericite schist... .. OF... 8.3... 1 4.7 
Quartz and quartzite. . 24.6) 41.2) 59.2) 65.0) 43.0) 48.8) 28.8/51.6] ...|.../51.6)...| 51.6 
2.6) 3.3] 16.7) 11.1) 18.7) 23.8) 10.5) 11.4 
0.8} 6.3) 10.2) 8.3) 51.1) ...| 3.8]...| 3.8)...| 3.8 

Hornblende, garnet, zir- 
100 .0)100.0/100.0 100.0,100.0 100..0|100.0 82.0.17.0 1.095.5, 61. 5, 100.0 


fractions shown at the left above. 


* Based on count of 500 particles in each sieve fraction. 
> Based on gradation of the sample received, and on the distribution of constituents by size 


°S = Satisfactory; F = Fair; P = Poor; I = Chemically innocuous; D = Potentially chemically 


"deleterious; T = Total of constituent in whole sample. 


as to produce significant volume change, in- 
terfere with the normal course of hydration 
a portland cement, or supply substances 
which might produce harmful effects upon 
mortar or concrete. 


Coatings should be evaluated sep- 
pees inasmuch as coatings usually are 
confined to portions of a deposit and, for 
_ crushed stone, the nature and abundance 
of coatings varies with processing meth- 
and equipment. 


tions always are accompanied by ap- 
propriate discussion and supplementary 
description. Table I is in the form gen- 
erally employed by the Bureau of 
Reclamation (7). It departs somewhat 
from the format recommended in ASTM 
Practice C 295,* but the inclusion of per- 
tinent description simplifies interpreta- 
tion of the analysis. The summary of 
physical and chemical quality is included 
in a separate tabulation. — 
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Table II is the analysis of the sand 
produced with the gravel whose com- 
position is summarized in Table I. The 
format accords with 


TABLE III.—EXAMPLE OF TABULATION OF A PETROGRAPHIC ANALYSIS OF 


ASTM  Recom- 


EXPANDED CLAY AGGREGATE. 
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coarse aggregate passing the 1} in. sieve. _ 
The analysis was obtained because the 
aggregate apparently retarded or pre- 
vented development of specified strength 


Plant, Company 
Sample No. —— 
; Amount, as number of particles in per cent 
In size fractions indicated® 
Constituent Remarks 
8; to| 34 to| No. | No. | No. | No. | No. | Pass- 35 
in. |3{6 in.| 4-8 | 8-16 | 16-30 | 30-50 |50-100 | 
Black to gray, vesicu-| 
lar particles... .. . 44.6) 30.2) 36.2) 44.1) 46.5) 55.0) 62.2) 64.4) 42.4) Vesicular, hard 
Black to gray, vesicu- 
lar particles...... (1.7 Vesicular, friable 
Red to tan, vesicular 
particles......... 26.1) 29.5) 20.2) 25.0) 15.4) 24.0) 21.8] 20.6) 23.5) Vesicular, hard 
Red to tan, vesicular 
particles......... 7.0 2:8 0.8] Vesicular, friable 
Red to brown, brick- 
like particles... ... 4.9) 23.6) 32.3) 22.0) 25.6) 12.4) 7.8) 4.9) 21.3) Not vesicular, firm 
to fragile 
Gray to pink, brick- 
like particles 2.8} 9.8) 9.2) 3.0) 1.6) 1.1) 7.1) Not vesicular, fra- 
gile, many slake 
in water 
Gray to pink, brick- 
like particles... ... 0.6; 1.0) 0.4 0.4; Not vesicular, fri- 
able, many slake 
in water 
Gray to black, friable’ 
particles......... 1.7} 2.0 0.8) 0.3 1.0} Not vesicular, con- 
tain coal 
0.2) 0.4 1.4; 2.8} 4.7) 7.0 1.4) Hard, dense 
Sandstone.......... ove | OB] | | | | | | Hard, fine-grained 
0.1) O.1) 1.1) 2.5) 1.9 0.8, Hard to friable 
100.0 100.0 100.0,100.0, 100.0 100.0 100.0,100.0, 100.0, 


@ Based on count of 500 particles in each size fraction. 
+ Based on gradation of the sample received, and on the distribution of constituents by size frac- 
tions shown at left above. 


mended Practice C 295.’ Table III is 
similar except that the designations of 
quality are not used because they are in- 
appropriate for description of light- 


weight aggregate. 


Table IV is an analysis of a sample 


representing a commercial crushed stone 


by the concrete under certain conditions. 
In the tabulation, the denotation of “‘in- 
nocuous” and “deleterious” is restricted 
to potential deleterious alkali reactivity 
because the significance of the sulfides 
and organic matter in the stone could not 


be evaluated. 
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af PETROGRAPHIC EXAMINATION OF 
NATURAL AGGREGATES 


Examination of Natural Aggregates in the 
Field: 


Sand and gravel result from weather- 
ing and natural abrasion of rock and the 
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or strata. The concrete-making qualities 
of the aggregate are influenced by these 
changes. 

Examination in the field should reveal 
the variability of the deposit, especially 
with reference to unsound or deleterious 
particles, clay, and organic matter. 


TABLE IV.—EXAMPLE OF TABULATION OF A PETROGRAPHIC ANALYSIS OF 
CRUSHED STONE COARSE AGGREGATE’ 


Plant, Company 
Sample No. 
x Amount, per cent by weight” 
a Rock Type or Facies Description of the Rock Type or Facies | Physical Quality | Chemical Quality 
i Fei Pe | De Te 
Dense dolomitic limestone....| Gray to buff, contains sparse or- |56.2 56.2) . 56.2 
ganic matter with pyrite and 
marcasite 
Soft dolomitic limestone. .... Gray to buff, soft to friable, | .../33.9) ...'33.9, ...| 33.9 
slightly porous, sparse organic 
matter with pyrite and marcasite 
Soft, organic dolomitic lime- 
Same as above except containing | ...| 4.2. ...| 4.2 ...; 4.2 
one or more seams of iron sul- 
; fides and organic matter 
Limestone White to gray, coarse- to medium- | 2.4 ...| ...| 2.4 ...! 2.4 
grained 
Laminated limestone........ Laminated, fine-grained, iron sul- | ...| 2.1) 2.1) ...| 2.1 
fides and organic matter abund- 
ant 
-Chalcedonic limestone. ...... White to gray, particles or zones of | 1.0, ...) ...| 1.0 1.0 
chalcedony evident | 
Sandstone Includes also grains of quartz and | 0.1) ...| ...| 0.1) .. | 0.1 
feldspar 
* Sample graded in accordance with specifications of the —------—-— State Highway De- 


deposition of the resulting particles along 
_ streams, in lakes or marine basins, or by 
_wind or glaciers on the earth’s surface. 
f _ Consequently, sand and gravel are more 
or less complex mixtures of different 
_kinds of rocks and minerals. Moreover, 
deposits of sand and gravel usually vary 
vertically by stratification and laterally 
because of the lenticular nature of zones 


partment for 1!4 in. to No. 4 aggregate for concrete highway pavement. 

> Based upon analysis of 25.9 lbs of aggregate split from the sample. 

¢$ = Satisfactory; F = Fair; P = Poor; I = Not deleteriously alkali reactive; D = Potentially 
deleteriously alkali reactive; T = Total of constituent in the sample. 


Deposits of sand and gravel commonly 
are changed by deposition of mineral 
matter from ground water or by weather- 
ing of the particles. Examination in the 
field should indicate the lateral and 
vertical extent and the physical nature 
of the coatings. Areas of the deposit free 
from coatings and zones so heavily coated 
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as to preclude processing should be delin- 
eated. 

Weathering of gravel and sand after 
formation of the deposit is common on 
terraces and at lower levels of deposits 
along existing stream channels. The ex- 
amination should indicate the extent and 
distribution of such weathering. 

Close observation of gravel and sand 
exposed on the surface of the deposit 
commonly will reveal unsound particles 
which siake or fracture with freezing- 
thawing or wetting-drying (Fig. 5). 
Identification of such particles will aid 
evaluation of the petrographic examina- 
tion performed in the laboratory. Repre- 
sentative specimens of such particles 
should be packaged separately and trans- 
mitted to the laboratory with samples of 
the gravel and sand. Water-soluble salts 
in coatings or ground water also may be 
revealed by efflorescence at or near the 
surface of the deposit. Their presence 
forewarns of the need for quantitative 
determination of their concentration in 
the aggregate. 


Examination of Natural Aggregates in the 
Laboratory: 


Samples and data from the field should 
be examined to determine: (1) the 
abundance of individual lithologic or 
mineralogic types; (2) the abundance of 
particles in various physical conditions 
and degrees of chemical reactivity; (3) 
the composition, frequency, abundance, 
and physical nature of coatings; and (4) 
in a qualitative way, the possible con- 
tribution of particles of the several types 
to properties of concrete (Tables I and 
II). 

Natural aggregates may contain more 
than 20 rock and mineral types. Conse- 
quently, petrographic examination com- 
monly is time-consuming. Based upon 
the similarity in composition and prob- 
able performance in concrete, two or 
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more rock types commonly can be com- | : 


bined into a single category with con- — 
siderable saving in time and without loss 
in validity of the analysis. For example, 
granites, quartz monzonites, and granite 
gneisses or rhyolites, dacites, and latites 
of similar composition and physical con- 
dition might be combined, thus eliminat- 
ing the need for tedious examination 
sufficient to effect a separation. 

Soft and altered particles may be 


Courtesy of the Michigan State Highway De- 
partment. 


Fic. 5.—Cobbles of Argillaceous Limestone 
Disrupted by Freezing-Thawing in the De- 
posit, near Charlesvoix, Mich. 


Observation of natural disintegration forewarns of possible 
ifficulty in service. 


original constituents of sand and gravel, 
others are developed by weathering in 
the deposit. Weathering in the deposit is 
especially significant because the altera- 
tion affects most or all particles, causing 
softening and absorptivity in the super- 
ficial portion of the particles. This action 
decreases both the bond with cement and 
the strength and durability of the con- 
crete. 

Coatings on gravel and sand vary from 
minute spots and films to a cement which 
produces zones of sandstone or con- 
glomerate in the deposit. Coatings usu- 
ally are composed of silt, clay, and 
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calcium carbonate; but organic matter, 
iron oxides, opal, manganiferous sub- 
stances, alkali and alkali-earth sulfates, 
and soluble phosphates have been identi- 
fied (5, 8). The petrographic examination 


tuffs; at least certain artificial siliceous 
glasses; and at least certain phyllites. 
Any rock containing a significant propor- 
tion of these substances is potentially 


deleteriously reactive. 


Ce, 


Fic. 6.—Location of Structures in the United States Known to be Affected by Alkali-Aggregate 
Reaction in Concrete, and Rivers Known to Carry Reactive Sand or Gravel. 


should reveal the composition, abund- 
ance, physical properties, probable po- 
tential chemical reactivity, and the ease 
with which the coatings are removed by 
impact and abrasion. 

Potentially alkali reactive gravel and 
sand occur along many important rivers 
in the United States and have been re- 
sponsible for serious distress in many 
concrete structures (Fig. 5). The location 
of many known deposits of alkali reac- 
tive natural aggregate in western United 
States has been reported by Holland and 
‘Cook (9). The known alkali reactive sub- 
stances are the silica minerals, opal, chal- 
cedony, tridymite, and _ cristobalite; 
glassy to cryptocrystalline rhyolites, 
dacites, latites, and andesites, and their 


PETROGRAPHIC EXAMINATION OF 
CRUSHED STONE 


Examination of Stone in the Field: 


Rock formations are massive or strati- 
fied; the strata can occur in any attitude 
with respect to the horizontal; and rock 
may vary widely in porosity, hardness, 
toughness, or degree of fracturing. Rock 
formations commonly contain zones of 
faulting, jointing, or local shearing, 
within which the materials are fractured 
or chemically decomposed. Certain zones 
may contain deleterious or unsound sub- 
stances, such as chalcedonic or opaline 
chert and clay or shale in limestone or 
dolomite. Especially in warm humid 
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areas, rock formations commonly are 
fractured, leached, and partially decom- 
posed near the surface. 

These features should be discovered by 
geologic and petrographic examination of 
natural exposures, quarried faces or 


other excavations, and drilled core. 
Petrographic examination in the field 
should include scrutiny of portions of the 
formation, excavated material, or stone 
previously used in the area for fill, ballast, 
riprap, or other construction. This may 
reveal unsound portions which have 


Fic. 7.—Disintegration of Argillaceous Fa- 
cies of Limestone Used as Riprap at Chicka- 
mauga Dam, Tenn. 


Observation of such disintegration indicates unsoundness 
of stone in at least portions of a quarry. 


failed in the natural exposure to freezing- 
thawing or wetting-drying or to oxidation 
and hydration (Fig. 7). For example, dis- 
integrated granite commonly appears 
sound on fresh exposure, yet disinte- 
grates rapidly thereafter. The Chiplima 
granite considered for use as aggregate 
in construction of Hirakud Dam, India, 
appeared satisfactory immediately fol- 
lowing blasting, but after one monsoon 
season, was stained brown and micro- 
fractures were evident as the result of oxi- 
dation of jarosite (K2Fes(OH)12(SOx).) , 
releasing iron oxides and soluble sulfates. 
Disintegration of rock on natural ex- 
posure commonly does not coincide with 
results of the sulfate soundness tests 
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(10). Shale, claystone, and argillaceous 
rocks may slake and fracture following 
exposure. Soluble salts usually will be 
revealed by efflorescence at exposed sur- 
faces. 


Examination of Crushed Stone in the 
Laboratory: 


As is indicated above, crushed stone 
aggregates commonly are complex petro- 
graphically. Consequently, they should 
be examined in the detail required for 
natural aggregate (Table IV). 

Petrographic examination of quarried 
stone in the form of blocks or irregular 
pieces should include inspection of the 
entire sample. The examination should 
be performed in a manner analogous to 
the petrographic examination of coarse 
aggregate to establish the relative abun- 
dance of individual rock types or facies. 
Specimens representative of each type 
should be obtained by sawing or coring 
of typical pieces; these specimens serve 
for special tests, detailed petrographic ex- 
amination, and reference. 

If the sample of stone was submitted 
for crushing tests in the laboratory, 
samples of the aggregate produced by the 
crushing processes employed also should 
be subjected to petrographic examina- 
tion. This will establish the significance 
of fracturation and internal texture on 
particle size and shape; frequency of 
fractures and seams within the particles; 
distribution of unsound or deleterious 
substances in the size fractions; and the 
abundance and composition of crusher 
dust. These qualities should be correlated 
with the processing equipment and 
methods employed. 

Inspection of the stone prior to process- 
ing is important because only thus can 
the examination of the finished aggregate 
be interpreted fully. For example, if un- 
sound or deleterious particles constitute 
10 per cent of the finished aggregate, was 
this proportion derived from approxi- 
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mately one piece in ten of the original 
sample, or does a typical piece of the 
stone contain approximately 10 per cent 
of unsound material? The former possi- 
bility suggests that the quarry should be 
examined to determine whether the un- 
sound zones can be avoided or wasted; 
the latter suggests that the material 
should not be used as aggregate in per- 
manent construction. 

If the samples are in the form of drilled 
core, the entire length of core should be 
examined and compared with logs avail- 
able from the driller and geologist. Espe- 
cial attention must be given sections in 
which core loss was high or complete, 
inasmuch as such zones commonly repre- 
sent fractured, altered, or otherwise 
unsound rock. The core should be ex- 
amined by means of the hand lens, 
stereoscopic microscope, and _petro- 
graphic microscope, as necessary, to 
establish variations in lithology; fre- 
quency and intensity of fracturation; 
content of clay and shale, regardless of 
rock type; and presence of deleterious 
substances, such as sulfides, soluble salts, 
and alkali reactive substances. These 
observations should be correlated from 
hole to hole so that the variation in 
lithology or quality of the rock, both in 
depth and laterally, is established. 

The quality of the aggregate to be ex- 
pected from the formation represented 
by the core also will be indicated by 
crushing tests and subsequent petro- 
graphic examination of the aggregate. 


PETROGRAPHIC EXAMINATION OF 
BLAstT-FURNACE SLAG 


Blast-furnace Slag: 


Blast-furnace slag is the nonmetallic 
product, consisting essentially of sili- 
cates and aluminosilicates of calcium and 
of other cations, which is developed 
simultaneously with iron in a blast 
furnace (see ASTM Specifications C 


125). Three general types of blast- 
furnace slag are used for concrete aggre- 
gates, namely, air-cooled slag, granu- 
lated slag, and lightweight slag (11), 
Petrographic examination of lightweight 
slag will be discussed in a later section. 


Performance of the Petrographic Examina- 
tion of Blast-Furnace Slag: 

The procedure for petrographic ex- 
amination of blast-furnace slag is not 
included specifically in ASTM Recom- 
mended Practice C 295. However, the 


Fic. 8.—Photomicrograph of Granulated 
Blast-furnace Slag. Note the vesicles (bubbles) 
in the glass phases (white) (X 80) (reduced 4 in 
reproduction). 


The dark areas are concentrations of microcrystalline 
melilite and merwinite. 


instructions provided for examination of 
ledge rock, crushed stone, and manu- 
factured sand are applicable. In addition 
to the indicated microscopical methods, 
polished and etched surfaces for study in 
reflected light are a valuable technique, 
being preferred by some petrographers 
over thin sections because of the ease of 
preparation, greater area, and _ two- 
dimensional aspect. 

Air-cooled slag is more or less well 
crystallized, depending primarily upon 
the method of disposal employed at the 
steel plant. Such slag crushes to angu- 
lar and approximately equidimensional 

*Standard Definitions of Terms Relating to 


Concrete and Concrete Aggregates (C 125 — 48), 
1952 Book of ASTM Standards, Part 3, p. 990. 
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pieces whose surface texture is pitted, 
rough, or conchoidal. Crystals range from 
submicroscopical to several millimeters 
in size. Abrasion resistance relates to 
glass content and the condition of in- 
ternal stress (11). Well-granulated slag is 
substantially all glass; crystals occur 
individually or in clusters scattered 
through the glass matrix. Incipient 
crystallization produces brown or opaque 
areas in thin section (Fig. 8). 

The petrographic examination of blast- 


TABLE V.—COMPOUNDS OCCURRING IN BLAST-FURNACE SLAG. 
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stituent of blast-furnace slag is meli- 
lite, a compound between akermanite — 
(2CaO-MgO-2Si0O2) and gehlenite 
High-lime  blast-— 
furnace slags commonly contain one or 
more forms of calcium disilicate (a’, 8 or 
¥ forms of 2CaO-SiO2). Magnesian blast- 
furnace slags usually contain monticel- 
lite, forsterite, or merwinite. Calcium 
sulfide almost always is present in small 
proportion. Sulfides of manganous man- 
ganese and ferrous iron are common. 


Compound Chemical Formula Compound Chemical Formula 
2CaO-MgO-2Si0. Ferrous sulfide | FeS 
Pseudowollastonite.........| aCaO-SiO2 Manganous MnS 
sulfide 
BCaO -SiO2 Spinel (Mg, Fe)O-AlO; 
B2CaO -SiO2 Periclase MgO 
y-dicalcium silicate. ....... y2CaO -Si02 Lime CaO 
3CaO -2Si0-2 Calcium alum- | CaQ-AlO; 
inate 
MgO -SiO2 Mullite 3Al,03- 2Si02 
Clinoenstatite............ MgO Madisonite = 
38i 


@ Compiled from several sources, primarily Nurse and Midgley (13), McCaffery et al (17) and 


American Concrete Institute Committee 201 (33). 


‘furnace slag aggregate should include 
description of the various types of slag 
as well as of contaminating substances. 
The slag constituent usually can be 
segregated into two or more varieties, 
depending upon particle shape, surface 
texture, color, vesicularity, crystallinity, 
or presence of products of weathering. 
Each type should be studied in some de- 
tail to assure identification of potentially 
deleterious compounds. 

More than 20 compounds have been 
identified in blast-furnace slag (Table V), 
but even well-crystallized slag rarely con- 
tains more than five compounds (Table 
VI). The commonest crystalline con- 


Properties and techniques for identifica- 
tion of these compounds are summarized 
by Rigby (12), Nurse and Midgley (13), 
and Snow (14, 15), and in standard works 
on mineralogy. X-ray diffraction meth- 
ods are necessary if crystalline phases are 
submicroscopical and are a great aid if a 
petrographer is developing experience 
independently in this field. 

Several original constituents of blast- 
furnace slag may be deleterious to the 
performance of concrete. Sulfides or their 
alteration products might affect ad- 
versely the hydration of the portland 
cement. Presence of colloidal sulfides is 
suggested by yellow or brown coloration 
of the glass phase (11). Inversion of 6 


dicalcium silicate to the y dicalcium 
silicate, with the accompanying 10 per 
cent increase in volume of the crystals, 
causes “dusting” or “blowing” of slag 
(11, 16). The inversion ordinarily takes 
place before the slag has cooled, and the 
disintegrated material is removed by 
screening in the production of coarse 
aggregate. 

In less severe occurrences the disinte- 
gration takes place slowly, producing 


Free-lime (CaO) and magnesia (MgO) 
are not common in air-cooled _blast- 
furnace slag and are not likely to form 
either as a primary phase or devitrifica- 
tion product in granulated blast-furnace 
slag (13). Nevertheless, their absence or 
presence and abundance should be estab- 
lished by the petrographic examination. 
These compounds are deleterious because 
of the increase in solid volume resulting 
from hydration or carbonation in place. 


TABLE VI.—MOST FREQUENTLY OCCURRING COMBINATIONS OF COMPOUNDS 
OF CaO-MgO-Al,0;-Si0. PRODUCED BY CRYSTALLIZATION OF BLAST- 
FURNACE SLAG 


Combination of Compounds” 
x 
x 
code x | X x 
at x x 
| x | x x x 
| X x x | X 
| X } x x | X 
x x x x 
| x xix x 
x x 
* After Nurse and Midgley (13). 
Key: C.AS = gehlenite lilite C;82 = rankinite M.S = forsterite 
C:MS: = akermanite/™°™ = merwinite MS = enstatite 
= spinel MgO = 
= dicalcium silicate 
cs = wollastonite or CMS, = diopside ae. : 
pseudowollastonite CMS = monticellite 
CAS. = anorthite 


pieces that are partly or wholly weak and 
friable. Such slag is not considered suit- 
able for concrete aggregate. Dicalcium 

silicate can be identified microscopically 
_ in slag by special techniques (16). This 
action of dicalcium silicate can be 
avoided by maintaining a ratio of CaO 
to SiO, in the slag sufficiently low to 
prevent formation of the compound, or 
by chilling the molten slag so that the 
compound does not crystallize (11). If 
air-cooled slag is poured in thin layers, 
rapid cooling ordinarily arrests the com- 
pound in the 8 modification. 


Cristobalite has been reported as a con- 
stituent of blast-furnace slag (17). This 
compound is potentially alkali reactive; 
if identified, its abundance should be 
determined. The glass phase of normal 
blast-furnace slag is not deleteriously 
reactive with cement alkalies. 
Contaminating substances whose pres- 
ence or absence should be established by 
petrographic examination are metallic 
iron, iron carbide, coke, and incompletely 
fused fluxstone. The last is important 
because delayed hydration and carbona- 
tion of free lime and magnesia may pro- 
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duce expansion of the concrete and pop- 
outs. Metallic iron and iron carbides rust 
by oxidation and hydration if exposed at 
the surface of concrete. 


PETROGRAPHIC EXAMINATION OF 
LIGHTWEIGHT CONCRETE 


AGGREGATES 
Expanded Clay, Shale, and Slates 


Petrographic examination of light- 
weight aggregate should include segrega- 
tion of the particles into as many cate- 
gories as required to adequately describe 
the sample (Table III). Particles of ex- 
panded material may be segregated on 
the basis of particle shape, surface tex- 
ture, development of a coating or “skin,” 
vesicularity, and friability. To be dis- 
tinguished from vesicular particles are 
those which are incompletely or not 
expanded. These should be separated on 
the basis of porosity, absorptivity, 
density, friability, softness, and reaction 
to water (softening, slaking, or swelling). 
The petrographic examination supple- 
ments standard tests in distinguishing 
clayey particles from “clay lumps” de- 
termined in accordance with ASTM 
Method C 142.5 Other materials to be 
identified and determined quantitatively 
are underburned or raw material, coal, 
and rock particles. The content of raw 
material commonly can be most easily 
and accurately established by X-ray dif- 
fraction or differential thermal an lysis. 

The individual types of particles also 
should be analyzed petrographically to 
establish the presence of free magnesia 
or lime. These result mainly from de- 
composition of calcium and magnesium 
carbonates in the feed during firing. They 
may produce distress or popouts in con- 
crete or concrete products unless the 
aggregate is water- or steam-cured prior 
to use (18). 

Petrographic examination also assists 
selection of raw materials, development 


MIELENZ ON PETROGRAPHIC EXAMINATION OF AGGREGATE 


1205 


of manufacturing methods and equip- 
ment, and processcontrol. = 

Cinders: 

Cinders used as concrete aggregate are 
the residue from high-temperature com- 
bustion of coal and coke in industrial fur- 
naces. Petrographic examination should 
determine the physical nature of the 
cinder particles on the basis of composi- 
tion, friability, softness, particle shape, : 
and surface texture. Especial attention — 
should be given to identification of | 
sulfides, sulfates, coal, and coke. 


Fic. 9.—Typical Basaltic Scoria Aggregate — 
(Natural Size) (reduced $ in reproduction). : 


The pieces are black, gray, and reddish brown. Note the 
rounded vesicles. 


Expanded Blast-furnace Slag: 


Expanded blast-furnace slag is pro- 7 
duced by carefully controlled intermin-— 
gling of molten slag and water or steam in > 
one of several ways (11). The petrographic 
examination should describe the aggre- 
gate in terms of the nature of the ex- — 
panded particles, including their particle — 


softness, and content of contaminating — 
substances, such as dense slag. 


Pumice, Scoria, Tuff, and Volcanic 
Cinder: 


Pumice, scoria, tuff, and volcanic cin- 
der used for lightweight aggregate are 
naturally-occurring porous or vesicular 
volcanic materials. Pumice is a very 


a7 


_ highly porous and vesicular volcanic 
rock composed largely of natural glass 
drawn into approximately parallel or 
loosely entwined fibers and tubes. Scoria 
is a highly porous and vesicular volcanic 
rock in which the vesicles typically are 
_ rounded or elliptical in cross-section, the 
interstitial glass occurring as thin films 
(Fig. 9). Tuff is a general term designat- 
ing consolidated volcanic ash of any 
lithologic type or physical character. 
Volcanic cinder is a loose accumulation 
of highly vesicular (scoriaceous) frag- 
ments of lava, predominantly ranging 
from 4 to 32 mm in diam. 

Petrographic examination of these 
types of aggregate includes segregation 
of the particles on the basis of particle 
shape, surface texture, porosity or vesicu- 
larity, fracturation, friability or softness, 
weathering, specific gravity, secondary 
deposits in voids, coatings, and potential 
alkali reactivity. Extraneous or con- 
taminating substances are primarily 
dense particles of volcanic rock and 
organic matter. In production of light- 
weight aggregate, two types of volcanic 
materials are occasionally intermixed for 
economy or to control gradation or unit 
_ weight. The type and relative proportion 
of the materials can be established by 
petrographic examination. 

Volcanic glass with an index of refrac- 
tion less than 1.535 is potentially del- 
 eteriously reactive with cement alka- 
lies; glass whose index is in the range 
1.535 to 1.570 probably is alkali reactive. 
Opal, chalcedony, tridymite, and cristo- 
balite are also common alkali reactive 
constituents of volcanic aggregates. How- 
ever, in spite of alkali-aggregate reaction 
and formation of alkalic silica gel, ex- 
pansion usually is prevented by the 
abundant voids into which the hydrating 
_ gel can escape without development of 
excessive stress in the mortar. For ex- 
ample, a very highly porous rhyolite tuff 
from Hideaway Park, Colo., containing 
abundant tridymite caused only 0.041 


per cent expansion of a_high-alkali 
cement mortar during 1 yr of moist 
storage in accordance with ASTM 
Method C 227," yet the specimen con- 
tained abundant alkalic silica gel. A 
similar but dense tuff from near Castle 
Rock, Colo. produced an expansion of 
0.400 per cent under the same conditions. 


Perlite: 


When heated rapidly to fusion, certain 
obsidians and pitchstones release gases 
which, being trapped within the molten 
glass, vesiculate the rock, and cause dis- 
ruption into small pieces. The product is 
known commercially as Perlite. 

Petrographic examination should indi- 
cate the composition of the aggregate in 
terms of particle shape, surface texture, 
composition, density, friability, or fra- 
gility, and potential alkali reactivity. 
Perlite may contain particles of dense 
volcanic rock or individual crystals. 

Being composed of volcanic glass, 
typical Perlite is potentially reactive 
with cement alkalies, although significant 
expansion may not occur because of the 
porosity of the particles. However, 
laboratory tests demonstrate that certain 
Perlites produce significant expansion of 
mortar stored in accordance with Method 
C 227" in combination with either high- 
alkali or low-alkali cement. Such volume 
change will not necessarily cause struc- 
tural distress if appropriately accommo- 
dated in the design. 


Exfoliated Vermiculite: 


Exfoliated vermiculite is produced by 
rapid heating of the micaceous mineral, 
vermiculite. Release of combined water 
expands the crystals—like an accordian 
—increasing the volume to as much as 30 
times its original size. The degree of ex- 
pansion varies widely, depending upon 


Tentative Method of Test for Potential 
Alkali Reactivity of Cement-Aggregate Com- 
binations (C 227 - 52 T), 1952 Book of ASTM 
Standards, Part 3, p. 44. 
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i mineralogic properties and purity and 
A the conditions of firing. 

[ During petrographic examination, the 
: particles of vermiculite are segregated by 
\ degree of expansion, elasticity or brittle- 
" ness of the flakes, and fragility of the 
f expanded crystals. These differ signifi- 
cantly within individual samples from 
some sources, especially from marginal 
deposits where the vermiculite grades 
into hydrobiotite or biotite. Also to be 
reported is intermixture of the vermicu- 
lite with particles of rocks and minerals 
occurring with the vermiculite in the 
deposit. 

Diatomite: 

Crushed and sized natural diatomite 
typically is soft, porous, absorptive, and 
ranges from firm to pulverulent. Finely 
divided opal and opaline skeletons of 
diatoms are the predominant constitu- 
ents. Fine sand, silt, clay, and volcanic 
ash are present in widely differing pro- 
portions. At least certain diatomites 
t produce significant expansion of mortars 
stored in accordance with ASTM 
Method C 227,'° with both high- and 
low-alkali cement. 


n 

f NOTES ON THE PETROGRAPHY OF 

AGGREGATE CONSTITUENTS 

2 Rhyolite, Dacite, Latite, Andesite, and 

Analogous Tuffs: 

- Rhyolite, dacite, latite, and andesite 
containing volcanic glass or submicro- 
scopically crystalline (cryptocrystalline) 
phases are the most widespread cause of 

y deleterious alkali reactivity of aggregate 

q in western United States. Aggregate con- 


r taining 3 per cent or more of such ma- 
n terials should be used only with low- 
) alkali cement or with a pozzolan known 
- to control alkali-aggregate reaction. If 
a rocks of these types are present in exces- 
sive amount in aggregate, only small 
expansion might result even if high-alkali 
{ cement were used (19, 20). Tuffs and 
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pumice equivalent in composition to 
these rocks are also potentially alkali ; 
reactive, except that the expansion ex- — 
hibited by the concrete or mortar is — 
reduced more or less by the porosity of 
the particles. 

Potentially reactive volcanic rock al- 
most always can be recognized with a 
hand lens or stereoscopic microscope. The 
presence of glass or cryptocrystalline 7 
phases in the groundmass is indicated by 
characteristic vitreous, waxy, or satiny ; 
luster. Deleterious glassy or crypto- 
crystalline phases occur in obsidian, 
pitchstone, perlite, pumice, felsite, and 
related porphyries. Deleterious alkali 
reactivity has not been demonstrated in 
volcanic glass whose index of refraction 
exceeds 1.535, but glass whose index of 
refraction is 1.570 or less is suspect. 
Microcrystalline or fine-grained rocks of 
analogous mineralogic and chemical com- 
position are not deleteriously alkali reac- 


tive. 


Opal, chalcedony (including the poorly 
defined types, such as lussatite and 
quartzine), tridymite, and cristobalite 
are common in volcanic rocks. They 


occur especially in fractures, in vesicles, 
and interspersed through the ground- 
mass. Opal and chalcedony are common 
as coatings on sand and gravel contain- 
ing high proportions of volcanic rocks. 
These volcanic rocks are common in 
western United States in both sand and 
gravel, and occasionally are proposed for 
use as crushed stone aggregate. Pumicite 
of rhyolitic and dacitic composition is 
very common in fine fractions of sand in 
the Pacific Northwest and in the Great 
Plains area of central United States. 
These volcanic rocks are unusually 
susceptible to weathering. Consequently, 
they should be observed carefully for 
presence of clay minerals, especially the 
expanding lattice types. For this purpose, 
staining tests are convenient (21). Rhyo- 
lites and dacites also are prone to ex- 
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treme fracturation as the result of strain 
caused by cooling of the lava. Such frac- 
tures accelerate weathering and con- 
tribute to breakdown of the aggregate in 
processing and mixing. 


Phonolite and Syenite: 


An analcitic phonolite porphyry from 
Missouri Buttes near Sundance, Wyo., 
and an augite syenite from near Harlem, 
Mont., containing about 15 per cent of 
natrolite do not cause deleterious expan- 
sion of mortar bars containing high-alkali 
cement when tested in accordance with 
ASTM Method C 227.'° However, sup- 
plementary tests demonstrate that the 
phonolite porphyry contributes signifi- 
cantly to alkali-aggregate reaction when 
finely divided (passing the No. 100 sieve) 
and combined with an alkali reactive 
aggregate (Pyrex). Therefore, rocks of 
these types should not be used as aggre- 
gate in combination with deleteriously 
alkali reactive aggregate, regardless of 
the alkali content of the cement, unless 
the combination is demonstrated to be 
stable by appropriate tests. 


Claystone and Shale: 


Many shales and claystones are un- 
sound physically because they absorb 
water and swell or slake. During petro- 
graphic examination, representative 
pieces of shale or claystone should be 
immersed in water and later dried to 
observe the degree of water sensitivity. 
Many apparently stable clayey rocks 
disintegrate surprisingly upon wetting 
and drying. 

Clay minerals of the montmorillonite 
group and some illites are especially un- 
desirable constituents because they ad- 
sorb water into the crystal lattice and 
change considerably in volume with 
wetting and drying, producing swelling 
pressure exceeding the tensile strength 
of concrete. These types are widespread 
in Western United States. Members of 


the kaolinite group do not produce sig- 
nificant swelling pressure, although they 
usually are highly absorptive and sus- 
ceptible to softening and slaking when 
wetted. Kaolinite clay and shale are 
widespread in areas which are now warm 
and humid or were so in the geologic 
past. The several types of clay minerals 
can be distinguished readily by X-ray 
diffraction or differential thermal analy- 
sis. Staining tests are a great aid to 
microscopy (21). 

The characteristic qualities of clay- 
stone and shale lead to increased water 
requirement and decreased strength, 
durability, volume stability, and abrasion 
resistance of concrete. Some shales are 
sufficiently low in specific gravity to 
segregate and accumulate in near-surface 
concrete. Particles of claystone and shale 
are common causes of popouts. “Clay 
balls” are similar to claystone, except 
that they are produced by agglomera- 
tion, rolling, and molding of clay and 
mud transported by streams from which 
sand and gravel are being deposited. 

Neither montmorillonite nor kaolinite 
is deleteriously reactive with cement alka- 
lies. However, tests indicate that release 
of exchangeable sodium from mont- 
morillonite can contribute to alkali-ag- 
gregate reaction if alkali reactive con- 
stituents are present in the aggregate. 
On the other hand, shale and claystone 
commonly contain constituents which 
are potentially chemically reactive in 
concrete. These include organic matter, 
sulfides (marcasite and pyrite), sulfates 
(gypsum and alunite-jarosite), soluble 
salts, or alkali reactive minerals. Opal 
and chalcedony are the commonest al- 
kali reactive constituents; they are abun- 
dant in diatomaceous or siliceous shales. 


Concretions: 


Concretions are nodules produced in 
sedimentary or pyroclastic formations 
by local concentration of minerals de- 
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posited by ground water. Concretions 
typically are harder than the enclosing 
material, and so commonly accumulate 
in sand and gravel, even though the en- 
closing material is thoroughly decom- 
posed and eroded. Concretions are 
common in shale, claystone, siltstone, 
tuff, loess, soil, limestone, dolomite, and 
sandstone. The cementing material 
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Calcareous concretions produced along 
root channels in soil, clay, pumicite, or — 
loess are common constituents of coarse 
aggregate and coarse fractions of sand 
in many areas, especially in the great 
plains area and the Columbia Basin in 
Washington. Opal is a common consti- 
tuent, so that these types of concretions 
usually are deleteriously reactive with 


Fic. 10.—Crushed Limestone Aggregate Containing Seams and Pieces of Illite Shale at Webster 


Dam, Kan. (X 


The physical quality was indicated as follows: satisfactory, 61 per cent; fair, 34 per cent; poor, 5 per cent by weight. 


usually is iron oxide, opal, calcium car- 
bonate, chalcedony, or sulfides. 

Ferruginous concretions released by 
erosion of claystone, shale, siltstone, and 
fine sandstone are widespread in eastern 
Colorado, Nebraska, Wyoming, Mon- 
tana, the Dakotas, Michigan, and 
Minnesota. They occur in gravel and in 
coarse sand. They are otherwise called 
“clay ironstones” or “chocolate bars.” 
The outer part of the particle is hard, but 
the interior usually is soft and highly 
porous. These concretions reduce freez- 
ing-thawing resistance of concrete, and 
are a common cause of popouts. 


tions can be recognized by their white or 
light color, irregular shape, composition, 
high absorptivity, and tubular passage- 
ways. 


Limestone, Dolomite, and Marble: 


Limestone and dolomite vary widely 
in grain size, porosity, and content of 
noncalcareous constituents. Indeed, they 
grade imperceptibly into sandstone, 
siltstone, shale, and chert. Problems of 
nomenclature are summarized by Mather 
(22). Also, these rocks usually are inter- 
bedded with sedimentary rocks of other 
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types; they ordinarily will appear in the 
finished aggregate if present in the 
quarry. Calcareous concretions are dis- 
cussed above. 

Limestone, dolomite, and marble show 
considerable difference in thermal co- 
efficient of expansion in different direc- 
tions if the carbonate crystals are 
oriented preferentially. This difference 
and the departure of the coefficient from 
that of the cement paste is considered by 
some (23) to affect durability of exposed 
concrete. This is an elusive property 
whose significance remains to be evalu- 
ated definitely. 

Noncarbonate constituents greatly in- 
fluence quality of limestone and dolomite 
aggregate. They include clay, sulfides, 
sulfates (gypsum and anhydrite), organic 
matter, and alkali reactive constituents. 
Clays of montmorillonite, illite, or 
kaolinite types occur in several ways: in 
uniformly dispersed form throughout the 
rock; enclosed within carbonate crystals; 
as fillings of fractures or solution chan- 
nels; or in sedimentary strata or laminae 
(Fig. 10). 

In hand specimens, the hardness, 
toughness, and form of fracture surfaces 
are clues to the degree of interlocking of 
carbonate minerals, presence of crypto- 
crystalline, microcrystalline, or amor- 
phous silica, and the abundance and 
distribution of clay. A rough fracture 
surface indicates poor interlocking of 
grains, absence or paucity of silica, and 
probable presence of interstitial clay. An 
uneven or steplike fracture surface indi- 
cates presence of internal fractures or 
poorly bonded planes of stratification. 
These should ke closely examined for 
presence of clay. A knife blade drawn 
across a fracture surface will reveal pres- 
ence of hard noncarbonate constituents 
in the rock by scrapings of the metal. 

Petrographic examination is aided by 
simple tests to determine reaction to 
water, such as absorption of droplets, 


capillary suction, softening, slaking, or 
swelling. If the texture of the rock per- 
mits wetting of the clay constituents, 
excessive volume change may occur, es- 
pecially if expanding lattice clays (mont- 
morillonite and some illites) are present. 
Mather (22) concludes that absorptive 
limestone containing approximately 5 
per cent or more of montmorillonite 
clays may noticeably reduce freezing- 
thawing resistance of concrete. 

Chert is very common in limestone and 
dolomite as large irregular or lenticular 
masses, local segregations of any size, 
or interstitial phases. Chalcedonic phases 
which appear brown or tan in thin section 
are more alkali reactive than the colorless 
phases in at least some occurrences. Lime- 
stone or dolomite containing 3 per cent or 
more of chalcedonic chert should be re- 
garded as potentially alkali reactive. 


Chert: 


Chert is a fine-grained siliceous rock 
composed of microcrystalline to crypto- 
crystalline quartz, chalcedony (or its 
poorly defined associates, such as quartz- 
ine, lussatite, or lutecite showing a posi- 
tive elongation and an unusually low in- 
dex of refraction), or opal. Chert occurs 
in many ways geologically and is a wide- 
spread constituent of aggregate (24, 25). 

Opal is the most alkali reactive of all 
minerals. Aggregates containing as little 
as 0.25 per cent by weight of opal should 
be considered deleteriously alkali reac- 
tive. Most cherts and other rocks con- 
taining microcrystalline to crypto- 
crystalline quartz and chalcedony that 
have been tested with high-alkali ce- 
ments in the laboratory have been found 
to cause a deleterious degree of expan- 
sion. Likewise, many of these types have 
been identified with alkali-aggregate 
reaction in field structures (19, 20, 25). 

However, the rate and magnitude of 
alkali reactivity of chalcedony and micro- 
crystalline to cryptocrystalline quartz 
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ranges widely. No correlation has been 
established between potential alkali re- 
activity and any optical, petrographic, 
or chemical property, including crys- 
tallinity, index of refraction, and loss on 
ignition (Table VII). X-ray diffraction 
patterns of typical flamboyant chalce- 
dony, such as that from Serra do Mar, 
Brazil, are identical with those of quartz, 
except that they typically fade at larger 
diffraction angles, corresponding to 
smaller d spacings, probably as the result 
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formation of popouts. In the United 
States, cherts of this type are important 
in the southeastern states as well as in 
Illinois, Indiana, Ohio, Missouri, and — 
Michigan. The petrographic examination 
should classify cherts on the basis of 
composition; color; weathered rims; 
luster; fractures; form, size, and abun- 
dance of pores and channelways; absorp- 
tivity; and the nature and identity of 
void and fracture fillings. 

Chat is chert aggregate produced as a 


TABLE VII.—RELATIONSHIP OF INDEX OF REFRACTION AND LOSS ON IGNITION 


TO ALKALI REACTIVITY OF CHERTS AND SILICA MINERALS. 


Loss on Mortar 

ca 1.41 3.92 1.613 
1.413 3.55 2.218 
Chalcedony, Serra do Mar, Brazil................. 1.536-1.543 0.89 0.264 
1.541 1.01 0.137 
Novaculite, Hot Springs, Ark..................... 1.547 0.13 0.561 


«Except for the chalcedony and quartz the indicated index of refraction is the average index 
measured on the microcrystalline to cryptocrystalline or amorphous matrix of the specimen. The 
index of refraction of the Quincy opal is highly variable. 

> Mortar bars 1 by 1 by 10-in.; mix parts 1:2; aggregate graded 20 per cent by weight each 
No. 4-8, No. 8-16, No. 16-30, No. 30-50, No. 50-100; cured 7 days in fog room at 70 F, then stored 
at 100 F in sealed cans in accordance with Method C 227; high-alkali cement (1.30 per cent Na2O 
and 0.12 per cent K:0). The indicated expansion is the maximum expansion at 1 yr obtained in a 
series of mortars in which the test material replaces 5 to 100 per cent by weight of pure quartz 


aggregate equally in all size fractions. 


of disorder in the crystal lattice. How- 
ever, the highly alkali reactive novacu- 
lite from Hot Springs, Ark., produces a 
pattern identical with that of quartz, 
showing no fading in any portion. 

There is no alternative now to classify- 
ing all cherts as deleteriously alkali reac- 
tive in the petrographic report. The con- 
clusion will be fortified if the chert 
observed in the sample can be correlated 
specifically with one or more cherts whose 
alkali reactivity has been established by 
test or service. 

Cherts that are porous, fractured, and 
leached are susceptible to breakdown in 
freezing and thawing; they contribute to 
reduced durability of concrete and 


by-product of the lead-zinc mining in- 
dustry in the Tri-State Mining District 
of southeastern Kansas, southwestern 
Missouri, and northeastern Oklahoma 
(26). Of especial importance is the shape, 
angularity, and surface texture of the 
chert particles and the abundance of 
sulfides, limestone, ferruginous particles, 
talc, and gypsum. Weathering of sphal- 
erite in the chats in the stock piles 
produces zinc carbonate (smithsonite) 
which retards set of concrete. The pro- 
portion of zinc carbonate in the aggregate 
should not exceed 0.30 per cent by weight 
of the cement to be used in the concrete. 
Chert from Joplin, Mo., similar to chert 
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in chat aggregate is potentially deleteri- 
ously reactive with cement alkalies. 

Cherts also commonly contain pyrite 
or marcasite whose oxidation and hydra- 
tion in particles near the surface of the 
concrete lead to popouts and _ local 
staining. 


Basalt, Diabase, and Dolerite: 


Basalt, diabase, and dolerite are wide- 
spread geographically and geologically, 
being especially important in the Pacific 
Northwest, New Jersey, eastern New 
York and Connecticut. Basalts range 
from glassy to microcy:stalline. Diabases 
and dolerites usually range from micro- 
crystalline to fine-grained, although 
glassy or cryptocrystalline interstitial 
phases occur in some types. The glass 
phase usually is low in silica, and the 
index of refraction characteristically 
exceeds 1.570. This glass is not deleteri- 
ously reactive with cement alkalies. 
Basalt glass is commonly altered by 
hydration to the gel palagonite. Pala- 
gonite is not deleteriously reactive with 
cement alkalies. Uncommonly, the glassy 
phase occurring in basalt is more acidic 
than the crystalline phase. A glass of this 
type, whose index of refraction is 1.510, 
has been found to be deleteriously reac- 
tive (1). The microcrystalline to crypto- 
crystalline interstitial phase in diabase 
typically is an intimate mixture of ortho- 
clase, quartz, and magnetite. This mix- 
ture is innocuous so far as alkali reac- 
tivity is concerned. 

Zeolites of several types, especially 
analcite, stilbite, and thomsonite are 
common in vesicles and the groundmass 
of basalt, diabase, and dolerite. These are 
not deleteriously alkali reactive. How- 
ever, they may release alkalies by cation 
exchange reaction with the calcic solu- 
tions permeating concrete, and thus aug- 
ment alkali-aggregate reaction if sus- 
ceptible aggregate constituents are 
present. 
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Basalt, diabase, and dolerite almost 
always contain nontronite, the iron-bear- 
ing member of the montmorillonite 
group, as an alteration product of the 
volcanic glass, palagonite, ferromagne- 
sian minerals, or plagioclase. When non- 
tronite constitutes more than 25 per cent 
by volume of the rock, extensive volume 
change with wetting-drying and reduced 
freezing-thawing resistance of concrete 
should be anticipated. The presence of 
nontronite in moderate to excessive pro- 
portion is indicated by light green or 
brown powder on pieces of crushed stone. 
Also, decreased abrasion resistance causes 
rounding of edges and corners of the 
stone during processing. 

Deposits of sand and gravel containing 
a high proportion of glassy or palagonitic 
basalt commonly contain zones coated 
by opal or mixtures of opal and calcium 
carbonate. 


Granite, Monzonite, and Pegmatite: 


Granite, monzonite, and pegmatite are 
typically coarse-grained and are com- 
posed predominantly of quartz and the 
potassium feldspars, orthoclase and 
microcline. Pegmatites commonly are 
composed of crystals which are several 
inches across. Characteristically, the 
crystals are poorly interlocked so that, 
with slight weathering and abrasion, 
these rocks disintegrate to their granular 
components. In certain areas, such as 
the plains east of the Rocky Mountains, 
the gravel and sand are composed largely 
of quartz and potassium feldspar. Peb- 
bles in gravel retained on the ?-in. sieve 
commonly are individual crystals of 
microcline. Orthoclase and microcline 
typically constitute 33 to 50 per cent by 
weight of sand along the Republican 
and Platte Rivers. 

In Kansas, Nebraska, Oklahoma, and 
parts of Iowa and Missouri, these ag- 
gregates are associated with rapid dete- 
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rioration of concrete. The distress is 
associated with either low- or high-alkali 
cement. The mechanism of the expansion 
and cracking is not known. Alkali reac- 
tive rhyolite, tuff, limestone, and chert 
are commonly present and undoubtedly 
participate in alkali-aggregate reaction 
when combined with high-alkali cement. 
The deleterious aggregates can be recog- 
nized petrographically by their high 
content of granite, pegmatite, and in- 
dividual crystals of potassium feldspar. 
The distress is thought to be related to 
thermal properties, poor bond with 
cement, and rigidity of the particles of 
feldspar, coarse-grained granite, and 
pegmatite. 

Granite, monzonite, and pegmatite are 
susceptible to granulation by weathering 
and alteration to kaolinite or mont- 
morillonite-type clays. Opal produced by 
weathering can cause slight alkali reac- 
tivity (27). Pyrite or secondary sulfates 
are sometimes introduced by solutions 
during geologic time. 


Gabbro, Anorthosite, Diorite, Granodio- 
rite, and Dunite: 


Gabbro, anorthosite, diorite, and 
granodiorite are similar in texture to 
granite, but the constituent crystals 
typically are better interlocked. More- 
over, the predominant feldspar is plagio- 
clase rather than potassium feldspar. 
These rocks typically are tougher and 
more resistant to granulation than gran- 
ite. Ferromagnesian minerals include 
hornblende, pyroxene, and biotite. Bio- 
tite (sometimes altered to hydrobiotite) 
is abundant in some sands as a result of 
release from granitic or granodioritic 
rocks. Dunite is granular in texture and 
is composed essentially of olivine. 

Gabbros are especially susceptible to 
alteration because of the abundance of 
ferromagnesian minerals and the cal- 
cium-rich composition of the plagioclase. 
However, no regional difficulties, such as 
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are related to granite and pegmatite, are — 
known to be associated with gabbro, 
anorthosite, diorite, granodiorite, or 
dunite. 

Gabbro, anorthosite, diorite, granodi- _ 
orite, and dunite are not alkali reactive. 
Search should be made for zeolites result- 
ing from alteration of the basic plagio- 
clase. 


Sandstone, Quartzite, and Graywacke: 


Sandstone and graywacke vary widely — 
in strength, elasticity, porosity, and com- — 
position because of difference in abund- 
ance and identity of the intergranular 
binding agents. These rocks range from 
satisfactory to poor in physical quality, 
depending upon particle shape, surface 
texture, porosity, fracturation, friability, 
and softness. Occasionally, sandstones 
are cemented by chalcedony, crypto- 
crystalline to microcrystalline quartz, or 
opal. These are potentially deleteriously 
reactive with cement alkalies. Opaline 
sandstones are widespread in the Ogallala 
formation in western Nebraska, Kansas, 
Oklahoma, Texas, and the adjacent parts 
of the states to the west. 

Quartzites are quartzose sandstones 
cemented by interstitial quartz deposited 
in crystallographic continuity with the 
grains. Pebbles of quartzite usually are 
smooth and impervious. Crushed parti- 
cles of quartzite typically are harsh and 
chiplike. 

Graywacke is commonly interbedded 
with shale, chert, and siltstone in the 
geologic formation, and the particles of 
these rocks frequently are present in 
gravels and coarse sands containing 
graywacke. The matrix in graywacke is 
clayey, micaceous, and silty. Water 
sensitivity of the matrix should be deter- 
mined by simple tests. Typical gray- 
wacke is not deleteriously alkali reactive. 
However, individual types should be 
closely examined for potentially reactive 
constituents. 
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Gneiss and Schist: 


Gneiss and schist are variable in com- 
position, structure, and physical proper- 
ties. They commonly contribute flat or 
elongated particles to aggregate, but 
particles of some gneisses and schists ap- 
proach the equidimensional. With hydro- 
thermal action, sulfides or sulfates may 
be introduced. Weathering develops fri- 
ability, softness, and fracturation. No 
gneisses and schists are known to be 
alkali reactive. 


Serpentine: 

Serpentine is a rock composed essen- 
tially of the hydrated magnesium silicate, 
antigorite. The texture is variable, rang- 
ing from granular to schistose. Particles 
in aggregate should be segregated in ac- 
cordance with established criteria, espe- 
cially fracturation, presence of sulfides, 
softness, talcose surface texture, particle 
shape, and presence of alkali-reactive 
constituents. Some serpentines are parti- 
ally silicified and contain chalcedony or 
cryptocrystalline quartz. Rocks of this 
type have been found to be deleteriously 
reactive with cement alkalies. 


Slate and Phyllite: 


Slate and phyllite usually produce flat’ 


or elongated pieces. Fracturation is fre- 
quent. In three structures, phyllite is 
known to have caused significant distress 
as the result of alkali-aggregate reaction 
in concrete. The active constituent ap- 
parently is microcrystalline to crypto- 
crystalline quartz. 

A red slate containing segregations of 
chalcedony and cryptocrystalline quartz 
has been found to be deleteriously alkali 
reactive by the quick chemical test 
(Method C 289") and this is corroborated 
by a mortar test similar to Method 
C 227.10 
“s Tentative Method of Test for Potential 
Reactivity of Aggregates (Chemical Method) 


(C 289 - 52 T), 1952 Book of ASTM Standards, 
Part 3, p. 943. 
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Quarts: 


Individual particles of coarsely crys- 
talline quartz are the predominant con- 
stituent of the fine fraction of most nat- 
ural sand. They are common in most 
coarse sand and gravel, and in the fine 
aggregate produced by crushing quartz- 
ose rock. If abundant, such particles may 
reduce strength and resistance to 
weathering of the concrete (28), probably 
because of their smooth surface texture, 
rigidity, and relative impermeability. 
Microcrystalline and cryptocrystalline 
forms of quartz have been discussed in 
the section on chert. 

Coarsely crystalline quartz normally 
is innocuous with respect to alkali-aggre- 
gate reaction. However, examination of 
concrete containing certain highly 
quartzose sands and gravels from parts 
of Long Island, N. Y., and parts of 
northern New Jersey, indicates that 
coarsely crystalline quartz that is in- 
ternally intensely fractured, granulated, 
and strained or filled by microscopical or 
submicroscopical inclusions can con- 
tribute significantly to alkali-aggregate 
reaction. Illite is common as inclusions 
in this type of quartz. The potentially 
deleteriously reactive quartz particles 
typically are white or milky; however, 
not all white or milky quartz is deleter- 
ously alkali reactive. Additional studies 
of these phenomena are required to es- 
tablish specifically the nature of the 
quartz and the conditions under which 
the effects of the reaction become sig- 
nificant. 


Feldspars: 


Potassium feldspars and plagioclase 
feldspars are innocuous so far as alkali 
reactivity is concerned. However, both 
are susceptible to weathering and the ac- 
companying development of fracturation 
and production of clay minerals. More- 
over, the thermal coefficient of expansion 
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of the common potassium feldspars, 
orthoclase and microcline, is sufficiently 
low (0.0 X 10°* to 0.6 X 10-* per deg 
Fahr) in one crystallographic direction 
to be considered a contributing cause of 
distress in concrete subjected to heating- 
cooling and wetting-drying if the aggre- 
gate is highly feldspathic. Large expan- 
sion can be produced in concrete beams 
containing only potassium feldspar as ag- 
gregate by heating and drying followed 
by immersion in water at a constant 
temperature (28). Experience with feld- 
spathic and granitic aggregates in the 
great plains area is noted above. 

In weathered aggregate, the feldspars 
are altered to kaolinite or montmorillon- 
ite-type clays, less commonly to zeolites, 
and consequently are fair to poor in 
quality. Incipient alteration is indicated 
by opening of cleavage planes. Particles 
so affected can be broken easily with a 
dissecting needle. 


Zeolites: 


Analcite, stilbite, and laumontite (and 
leonhardite) are not deleteriously reac- 
tive with cement alkalies. Heulandite has 
been reported to be deleteriously alkali 
reactive (1), but review of the data indi- 
cates that the conclusion should be re- 
garded as highly tentative until cor- 
roborated by additional tests. Natrolite 
has been reported to be alkali reactive. 
However, an augite syenite containing 
about 15 per cent by volume of natrolite 
did not produce deleterious expansion of 
mortar when combined with high-alkali 
cement in a procedure similar to Method 
C227." 

By cation-exchange reactions, zeolites 
can supply alkalies to mortar and thus 
contribute to alkali-aggregate reaction if 
alkali reactive constituents are present. 
Also, calcic zeolites, such as Ca-leon- 
hardite, apparently take up sodium from 
high soda mortar and thus reduce alkali- 
aggregate reaction. 

Loughlin (29) concluded that reversible 


transformation of leonhardite to laumon- 
ite in weathered anorthosite used as 
aggregate caused disintegration of cast - 
stone and stucco in the Los Angeles area 
several decades ago. 


Micas: 


Micas in aggregate mainly are biotite 
and muscovite; the altered forms, such as P 
hydrobiotite, are common in some areas. 


The proportion of free mica should be . 


determined during the petrographic ex- 
amination because a limit on maximum — 
permissible mica content is included in 
most specifications on concrete aggregate. 
The report should indicate the condition — 
of the mica particles in terms of size, — 
form, elasticity, softness, and mineralogic _ 
identity. The hydrous, degenerated 
micas can be identified by X-ray diffrac- 
tion or thermal analysis. Hydrobiotite 
and vermiculite can be distinguished 
readily from biotite by their exfoliation — 
in 30 per cent hydrogen peroxide solu- 
tion. 

Micas are generally thought to reduce 
strength and durability of concrete. Pub- 
lished data on these relationships are 
meager (30). Additional work would be 
justified. 


Tridymite and Cristobalite: 


The silica minerals tridymite and cris- 
tobalite are common constituents of 
rhyolites, dacite, and andesite, and their 
related tuffs. These minerals are minor 
or major constituents of synthetic ag- 
gregates, such as slag and silica brick. 
Tridymite produces great expansion of 
high-alkali mortar in a procedure similar 
to Method C 227! (31). Cristobalite is 
reported to be deleteriously alkali reac- 


tive (32). 


Artificial Siliceous Glasses: 


Pyrex produces rapid and great expan- 
sion of high-alkali mortars tested in ac- 
cordance with Method C 227.!° When 
tested by the Bureau of Reclamation in 
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accordance with Method C 227,!° two 
‘siliceous glasses produced excessive ex- 
pansion of mortars containing either 
igh: or low-alkali cement (Table VIII). 
Supplementary tests demonstrated that 


TABLE VIII.EXPANSION OF MOR- 
TARS CONTAINING SYNTHETIC AG- 
GREGATES INCLUDING ARTIFICIAL 
GLASS. 


Linear expansion of mortar, per cent® 


Aggregate Containing te Containing 
“opal” glass, soft Glass, 
Age No. M-549 No. M-612% 
months 
High- Low- High- Low- 
Alkali Alkali Alkali Alkali 
Cement. | Cement, | Cement, | Cement, 


No. 3562°| No. 2735¢ | No. 3562° | No. 2735¢ 


0.056 | —0.009) 0.116 | 0.012 
0.482 0.049) 0.532 | 0.324 
ee 0.751 0.246) 0.877 | 0.819 
0.953 0.511) 1.142 1.154 
1.105 0.750)... eee 


@ 1 by 1 by 10-in. mortar bars; mix parts 1:2 
by weight; water-cement ratio 0.40 by weight; 
cured 24 hr at 70 F in moist cabinet; then stored 
at 100F in sealed cans in accordance with 

Method C 227.” 

7 +The aggregates are a mixture of rock and 
mineral particles and glass. Sample No. M-549 
contains about 20 per cent by weight of glass 
whose n = 1.485 and composition is 68.01 per 
cent SiO. , 13.34 per cent Na,O, and 1.66 per 
cent KO. Sample No. M-612 contains about 20 
per cent by weight of glass whose n = 1.510 and 
composition is 71.99 per cent SiO., 15.23 per 

cent Na,O, and 0.21 per cent K,0 
: ¢Cement No. 3562: type II; 1.20 per cent 
Na,O; 0.04 per cent K,xO. Cement No. 2735: 
type II; 0.04 per cent Na,O; 0.14 per cent K,0. 


these glasses released large amounts of 
sodium in the presence of calcium hy- 
droxide. Apparently, in the presence of 
hydrating portland cement, these glasses 
were in part converted into alkali-silica 
‘ combinations capable of absorbing water 
_ and swelling. 


Sulfides and Sulfates: 


Sulfides and sulfates are likely to occur 
in aggregates composed of sand, gravel, 
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crushed stone, or any of many processed 
or synthetic materials. Their presence 
should be expected, especially in car- 
bonaceous sedimentary rocks or concre- 
tions, and in any rock showing evidence 
of hydrothermal alteration. The most 
widespread sulfides are pyrite and mar- 
casite (FeS2); pyrrhotite (FeS) is less 
common. Sulfides of calcium,: ferrous 
iron, or manganous manganese should be 
looked for in slags. Sulfides of copper, 
lead, or zinc may be present in small 
amounts with pyrite or pyrrhotite in 
aggregate produced from mine wastes. 

Gypsum (CaSQ,-2H:0) is the most 
common sulfate in aggregates, especially 
in some dolomites and shales. It is a 
frequent constituent of coatings on sand 
and gravel in western United States. 
Alunite and jaro- 
site are rare. Alu- 
nite produces great expansion of moist- 
stored mortars, regardless of the alkali 
content of the cement, and jarosite 
probably will react similarly. Expan- 
sion exceeded 1 per cent linearly at 1 
yr when alunite constituted 5 per cent 
by weight of the aggregate, the minimum 
included in the tests. These minerals may 
very well occur in any hydrothermally 
altered rock. Jarosite commonly is re- 
vealed by iron oxide stains in voids and 
fractures and by intense leaching of the 
host rock. 

Tests on barite (BaSO,) have revealed 
no deleterious chemical reaction in nd 
land cement concrete. 
Free-Lime and Magnesia: ari 

Free-lime (CaO) magnesia (MgO) are 
common constituents of refractories and 
synthetic aggregates produced from raw 
materials containing carbonates of cal- 
cium and/or magnesium. They are of 
concern in aggregates composed of sand, 
gravel, or stone only if contaminated by 
industrial products or wastes. Magnesia 
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also is a constituent of some air-cooled 
slags. Destructive volume increase ac- 
companies hydration and carbonation of 
the crystals in place (5). These oxides may 
be detected microscopically in thin sec- 
tions or in polished and etched surfaces 
or by X-ray diffraction. os 


CONCLUSION 

Petrographic examination should be 
included in the investigation and testing 
of concrete aggregate for use in perma- 
nent construction. Applied in the field, the 
method aids exploration and sampling 
and permits preliminary evaluation of 
materials from alternative sources. De- 
tailed examination of aggregate in the 
laboratory supplements the standard 
_— tests, especially me (1) de- 
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ciated with expansion. 


In a previous paper (1),? the author 
considered cracking of masonry caused 
by expansion of mortar containing free 
magnesium oxide (MgO). The present 
paper reports the results of studies, 
including laboratory examinations, of 
certain cases of cracking in which the 
evidence indicates that the damage was 
caused by moisture expansion of struc- 
tural clay tile. 


REVIEW OF LITERATURE 


Schurecht and Pole (2) in 1929 first 
used the term “moisture expansion” in 
connection with ceramic bodies. These 
authors, referring to an earlier paper by 
Schurecht (3), stated “It has been shown 
that a type of delayed crazing found on 
glazed ceramic ware may, in certain 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

‘Consultant on Masonry and Masonry 
Materials, National Bureau of Standards, Wash- 
ington, D.C. 

2 The boldface numbers in parenthesis refer 
to the list of references seared to this paper, 
seep.1238. 
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MASONRY CRACKING AND DAMAGE CAUSED BY MOISTURE " 
EXPANSION OF STRUCTURAL CLAY TILE* 


a By J. W. McBurney! 


4b 


The present paper describes several cases of damage in masonry built in : 
part with structural clay tile. From laboratory tests of the various masonry 

materials together with consideration of various other possible causes, mois- : 
ture expansion of the structural clay tile was established as the cause of 
the damage. Methods of test for existing moisture expansion and for pos- 
sible future expansion are described in detail. This is the second in a series 
of papers reporting somewhat unusual causes of cracking of masonry asso- 


cases, be caused by a gradual expansion 
of the body during exposure or was 
produced by the action of moisture 
while the glaze generally does not expand 
in the same manner. This type of ex- 
pansion may be called ‘moisture expan- 
sion’ to distinguish it from other types. 
It has furthermore been shown that 
expansions of ceramic bodies similar in 
magnitude to those obtained during long 
periods of storage may be produced by 
subjecting them to steam at a pressure 
of 150 psi for one hour in an autoclave.” 
Schurecht’s 1928 paper (3) is also note- 
worthy for presenting a method for 
estimating the amount of expansion that 
had resulted from previous exposure. 
Mills (4) and Treischel (5) presented the 
results of studies of the effect of varia- 
tions in the time of exposure and pressure 
in autoclaving. The latter author used 
pressures up to 250 psi and periods of 
exposure up to 7 hr. He reported that 
increase in pressure increased expansion 
for equal times of exposure but the per- 
centage increase depended upon the 
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nature of the specimen. For example, 
“the high-expansion body shows about 
70 per cent increase in expansion for 
each 100 per cent increase in pressure 
while the low-expansion body shows 
about 55 per cent increase in expansion 
for the same 100 per cent pressure 
increase.” He also obtained greater 
expansions for cumulative (repeated) 
__ autoclavings than for a single autoclaving 
for the same total time of exposure. 
Holscher (6) further studied the effect 
_ of some modifications of the Schurecht 
autoclave test and also reported that 
small expansions resulted from heating 
specimens with carbon tetrachloride, 
- paraffin, xylene, kerosine, or petrolatum. 
_ Geller and Creamer (7) tested com- 


“he 


experimental bodies by the methods of 
Schurecht (3) including measurement 
of length changes both from autoclaving 
and from heating to various tempera- 
tures. The same authors (8) confirmed the 
assumptions of Schurecht and in 1941 
(9) reported moisture expansions also by 
Schurecht’s methods on samples of wall 
tile and tableware which had been “in 
service or in storage for periods of time 
- ranging from 23 years to less than 1 
year.” 
Hill (10) reported the increase in 
_ diameter of test pieces fired at tempera- 
tures of from 500 C to 1050 C when 
_ rehydrated by exposure to saturated 
steam at 200 C for periods up to 96 hr. 
His materials included kaolinite from 
several sources, illite and montmoril- 
-lonite. He concluded that “kaolinite, 
_ illite and montmorillonite fired at 900 C 
and less may rehydrate to form the clay 
mineral. Although the rate of rehydration 
may be slow under natural conditions, 
the expansion and possible softening of 
_ the body due to partial rehydration 
may cause trouble in underfired bricks 
containing kaolinite and illite.” 
Bullin and Green (11) in a recent paper 
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reported the moisture expansion of 
glazed wall tiles resulting from auto- 
claving in saturated steam at 40 psi for 
periods up to 2000 hr. Moisture expan- 
sions up to 0.35 per cent under these 
conditions were obtained on tiles having 
porosities of 18 to 25 per cent. The same 
authors presented some data on shrink- 
age of previously autoclaved specimens 
when heated to various temperatures. 
Koenig (12) tabulated the modifications 
in the Schurecht autoclave test with 
respect to steam pressure and duration 
of exposure as used by various investi- 
gators. Koenig’s paper also presented 
an extensive bibliography. The majority 
of the papers in this bibliography deal 
with the effect of autoclaving in causing 
crazing of glazes on bodies of various 
compositions. The autoclave test for 
crazing prescribed in ASTM Specifica- 
tion C 126 — 52 T® is in conformity with 
Koenig’s (12) recommendations (1 hr 
at 150 psi). With the exception of Hill’s 
paper, the literature on moisture expan- 
sion and its identification by heating and 
autoclaving is restricted, as far as known 
to the author, to the behavior of the 
units as related to the crazing of the 
glaze. The possible effect of moisture 
expansion in causing movement and the 
cracking of masonry resulting therefrom 
has apparently not been discussed in the 
literature. 


PREPARATION OF SPECIMENS AND 
METHODS OF TEST 


Schurecht’s methods (3) provided 
measures both of the amount of ex- 
pansion that had previously taken place 
(decrease in length resulting from heat- 
ing) and of potential future expansion 
(increase in length resulting from auto- 
claving). His measurements of length 


3 Tentative Specifications for Ceramic Glazed 
Structural Clay Facing Tile, Facing Brick, and 
Solid Masonry Units (C 126-52), 1952 Book 
of ASTM Standards, Part 3, p. 446. 
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changes were made by using an inter- 
ferometer method (13). As far as is known 
to this author, the first demonstration 
of moisture expansion on a structural 
clay tile was made by use of the tech- 
niques and apparatus described by 
Schurecht. For reasons subsequently 
presented (see discussion), the apparatus 
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inserted. It was found advisable to use a _ 
wooden jig to hold the test specimen 
during drilling. After insertion of the 
drive screws, the specimens were allowed 
to dry for 48 hr in a constant tempera- 
ture room at 23 + 3 C (73.4+ 5.4 F). 
The over-all length of the prism was — 
measured to the nearest 0.03 in. with a 


Fic. 1.—Comparator Used in Measuring Changes i in Length of Specimens Cut from Structural 
Clay Tile and Subjected to Autoclaving and Heating. Note standard bar shown below comparator. 


and techniques herein described were 
substituted for those of Schurecht. 


Preparation of Test Specimens: 


As far as permitted by the dimensions 
of the tile, test specimens (“prisms”) in 
the form of rectangular parallelepipeds 
10 in. in length and approximately 1 by 
1 in. in cross-section were cut. The prisms 
were formed by cutting with a Rimlock 
diamond edge rotary blade using water 
as a coolant and lubricant except for 
the initial specimens. Cutting specimens 
without using water proved impracti- 
cable (see discussion). After forming, the 
ends of the prisms were drilled with a 
}-in. tungsten-carbide-tipped drill, and 
Parker-Kalon }-in. drive screws were 


steel scale. The specimen was then placed 
in a horizontal comparator for the 
determination of the “as-received” 
length. 


Measuring Apparatus (Comparator) and 
Methods of Measurement: 


The horizontal comparator (see Fig. 
1) used in this work was provided with a 
heavy anvil base mounted on a table top 
and was maintained in a constant temper- 
ature room as previously specified. On 
one side of the anvil, placed on a hori- 
zontally moveable block, was a calibrated 
micrometer dial reading to 0.0001 in. 
Directly opposite on a similar block was 
a micrometer screw, reading to 0.0001 
in. Adjustment of these blocks would 
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accommodate specimens of from 8 to 
20 in. in length. If necessary, prisms less 
than 8 in. in length may be used. For 
shorter lengths, metal spacers were 
inserted in the comparator. The specimen 
was supported between the dial and the 
micrometer screw by two transverse 
bars whose level could be adjusted with 
two pairs of adjusting screws. One of 
these transverse bars was rigidly at- 
tached to its adjusting screws, while the 
other formed a rocker to accommodate 
specimens having rough or warped 
surfaces. A glass plate could be placed 
on the supporting bars to facilitate the 
positioning of the test specimens. A 
standard bar made of mild steel was used 
to check and calibrate the comparators 
before and after making readings on 
specimens. 

After conditioning in the constant- 
temperature room, the test specimen was 
placed on the cross bars, and adjustments 
were made so that its spherically ended 
drive screws were in contact with and 
centered on the contact points of the 
stem of the dial and of the micrometer 
screw. The micrometer screw was then 
turned until a predetermined arbitrary 
reading was reached on the dial. This 
ensured that the specimen always made 
the same contact with the dial gage and 
was in the same position at each time 
of measurement. All subsequent de- 
terminations of length were made from 
readings of the micrometer screw. 

Although readings were made and 
recorded to 0.0001 in., an accuracy and 
reproducibility of +0.002 per cent on a 
10-in. test specimen required closer 
control of temperature for successive 
readings than was given by +3 C, the 
limits for the temperature control for 
the constant temperature room. Assum- 
ing a coefficient of thermal expansion of 
0.000006 in. per in. per deg Cent fora 
shale body, a difference of 6 C would 
cause a change of 0.000036 or 0.0036 
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per cent. In order to obtain an accuracy 
of +0.002 per cent, it appears necessary 
therefore that measurements made sub- 
sequent to the determination of the 
“as-received” length be made at tem- 
peratures within +1 C of the tempera- 
tures recorded at the time of that 
measurement. 


Heating Test: 


On the assumption (a) that clay 
bodies had their least size after cooling 
from their original firing in the kiln, 
(b) that moisture expansion was the 
result of hydration of certain constitu- 
ents of the clay body, and (c) that 
reheating would recover or approach the 
original dimensions of the body, the 
shrinkage (decrease in length) of the 
test specimen resulting from reheating 
to 400 C (752 F) compared with the as- 
received length was considered to be a 
measure of the expansion that had taken 
place during exposure. Except for bodies 
of very low porosity which had been in 
contact with water or saturated soil 
for a long period of time, the heating 
procedure hereinafter described was 
satisfactory. The test specimens after 
measurement of the as-received length 
were dried for not less than 18 hr in an 
oven maintained at a temperature be- 
tween 110 and 115 C. The specimen was 
supported in the oven on “chairs” or 
other suitable supports which permitted 
an unrestricted change in length. The 
purpose of this preheating was to dry 
the specimens and thus avoid the pos- 
sibility of spalling or disruption from the 
subsequent rapid heating to 400 C. The 
practice was to cool the specimen after 
preheating and to remeasure according 
to the method prescribed for the de- 
termination of the as-received length. 
Available data indicate that this re- 
measurement after cooling was unneces- 
sary. 

The specimen after preheating was 
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placed in a cold muffle furnace and was 
supported as before. The furnace was 
brought up to a temperature of 400 C 
(752 F) at a rate of 200 C per hr and was 
held at 400 C for 1 hr. The furnace was 
then shut off and allowed to cool over- 
night. The specimen was then removed 
to the constant-temperature room next 
morning and measured after at least 4 
hr conditioning. The length of the speci- 
men after furnace treatment was as- 
sumed to be the same as the length 
after firing in the kiln. If moisture 
expansion has taken place, this length 
will be less than the as-received length. 
In the absence of a significant difference, 
the occurrence of moisture expansion 
had not been established. 

Since available data indicate that the 
order of making this heating test and 
the autoclave test hereinafter described 
had little effect on the results, the order 
was optional. 


Autoclave Test: 


The specimen was submerged in 
water at room temperature for 24 hr 
and then autoclaved according to the 
method prescribed in Section 5 of 
ASTM Method C 151-52.‘ After cool- 
ing in water to 23 C as prescribed in 
ASTM Method C 151-52, the speci- 
men was surface dried with a damp cloth 
and then remeasured. Since the moist 
specimen may act as a wet bulb with 
consequent lowering of temperature, 
it is advisable to make the measurement 
of the saturated specimen in still air as 
soon as possible after removal from the 
water bath. Since the comparison was 
with the dry specimen, the correction 
provided in C151 by making measure- 
ments both before and after autoclaving 
on a saturated specimen was not ap- 
plicable. 


4Standard Method of Test for Autoclave 
Expansion of Portland Cement (C 151-52), 
1952 Book of ASTM Standards, Part 3, p. 52. 


Computations: 

The after-furnace-treatment reading 
was subtracted from the as-received 
reading of the micrometer screw, and 
the difference, if positive, was taken 
as the moisture expansion of the body 
which resulted from exposure and was 
calculated as a percentage of the length 
of the specimen. If the difference be- 
tween the two readings was less than 
0.002 per cent or if the after-furnace- 
treatment reading exceeded the as- 
received reading, moisture expansion 
was not established. 

The as-received reading was cor- 
respondingly subtracted from the after- 
autoclaving reading, and the increase, 
if any, calculated as the percentage of 
the length of the specimen, was given 
as a measure of the possible future 
expansion above the as-received condi- 
tion. The same criteria for significance 
of readings set for the difference between 
the as-received and after-furnace-treat- 
ment measurement, applied to the 
difference between the as-received and 
after-autoclaving readings. The differ- 
ence between the after-furnace-treat- 
ment and after-autoclaving readings 
expressed as a percentage of the total 
length was given as a measure of the 
total possible expansion from the kiln- 
fired condition. 

It should be remarked that the pre- 
cautions prescribed for temperature 
control in the above methods are un- 
necessary if an accuracy of +0.01 per 
cent is sufficient. Furthermore, com- 
parators or measuring instruments of 
quite different types and designs could 
be substituted for the instrument used. 


OBSERVATIONS AND MEASUREMENTS 


The following three examples of 
damaging expansion of masonry struc- 
tures caused by moisture expansion of 
structural clay tile are from the files of 


the National Bureau of Standards. ca 
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Fic. 2.—Cracking of Plastered Tile Partition in Virginia State Library. N rizontal crack 
in line with top of metal doors and horizontal crack below ceiling. 


Fic. 3.—Cracking of Plast 
cracks. 


ered Tile Partition in Virginia State Library. Note diagonal shearing 
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Virginia State Library in Richmond, Va.: 


This building was reported to be about 
8 years old when examined in May, 1948. 
The structure, which also houses the 
State Law Library and the Virginia 
Supreme Court, is of a monumental 
type with structural steel frame, rein- 
forced concrete floors, and stone ex- 
terior. The building has four stories 
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structural consultant for the purpose of 
establishing the cause of the cracking. 
According to report this cracking started 
at an early age and continued uniformly 
thereafter. Studies made by Mr. Gong- 
wer, including strain gage readings, 
demonstrated conclusively that the 
structural frame and concrete floors 
were stable and that movement was 


4.—Cracking of Plastered Tile Partition in Virginia State Library. Note vertical crack at 


Fic. 
edge of offset. 


above grade, a basement and sub- 
basement, and was designed to carry 
two additional stories. Nearly all of the 
interior partitions were of 4-in. thickness, 
built of fireclay tile laid on end and 
plastered. Tile of the same composition 
was used as furring on concrete walls in 
the basement. The public rooms and 
library stack rooms were air conditioned. 
Extensive and continuous cracking of the 
plaster on tile partitions was observed. 

The architect had retained James 
M. Gongwer of Washington, D. C., as a 


= 


limited to the tile partitions. The most 
frequently observed pattern of cracking 
noted in 1948 consisted of two large 
horizontal cracks as shown in Fig. 2. 
It will be noted that the lower crack lines 
up with the top of the metal doors and 
that the upper crack is about 2 ft below 
the ceiling. The upper crack shows some 
tendency for formation of secondary 
cracks at acute angles to the main crack. 
Recracking of earlier pointing is notice- 
able. The presence of shear as shown by 
subsidiary cracking at an angle to the 
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main horizontal crack is more conspicuous 
in Fig. 3. The vertical crack to the right 
of the offset shown in Fig. 4 can be 
explained by the horizontal expansion of 
the wall tending to act on the offset as a 
couple and causing rotation. Further 
evidence of horizontal expansion was 
provided by the characteristic jamming 
of metal doors set in the tile partitions. 
The ordinary random map cracking 
usually ascribed to shrinkage of plaster 
was relatively rare in this building. One 
example of random cracking also showed 
a continuous irregular vertical crack 
extending from floor to ceiling. The 
presence of an abutting partition was 
noted behind this crack. 

One effect of vertical expansion is 
shown in Fig. 5. The tile backing had 
expanded vertically, lifting the plaster 
from 3% to } in. above the upper edge 
of the marble wainscoting which was 
wired to the tile backing. Figure 5 also 
shows the usual horizontal crack in 
line with the door lintel. Figure 6 shows 
spalling of plaster on the fourth story 
with crushed and spalled tile exposed. 
A section of tile furring on a concrete 
wall in the basement “blew out” 
suddenly as the result of column action 
when vertical expansion was restrained 
by contact with the overhead construc- 
tion. 

As a matter of interest, two more of 
these sudden failures of furring tile 
were reported to have taken place in 
basement classrooms of a Washington, 
D. C., university. As far as could be 
determined, the source of tile was the 
same as that in the Richmond structure. 

Samples of plaster and mortar and 
two tiles from the Virginia Library were 
submitted to the National Bureau of 
Standards with the request that 
laboratory examinations be made of 
these materials for-the purpose of 
determining which component or com- 
ponents of the partitions was causing 
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expansion. Chemical and physical ex- 
aminations were made on pieces of 
mortar, using the methods and approach 
described in the investigation of the St. 
Joseph’s School (1). Autoclave tests on 
the 8-yr old mortar specimens showed 
residual expansions of from 0.02 to 0.04 
per cent increase in length. Three-year 
old mortar from St. Joseph’s School ex- 
panded from 3.3 to 3.6 per cent when 
autoclaved. Chemical analyses of the 
Richmond mortar indicated a composi- 
tion of approximately 1 part portland 
cement to } part of lime to 2 parts of 
sand by volume, and the total mag- 
nesium oxide content did not exceed 
0.15 per cent (0.66 per cent of the acid 
soluble fraction). Differential thermal 
analyses on grains of lime gave no indica- 
tion of the presence of either mag- 
nesium hydroxide (Mg(OH).2) or mag- 
nesium carbonate (MgCO;). It was 
concluded that the lime was of the high- 
calcium type and had undergone con- 
siderable carbonation. These tests elimi- 
nated the mortar as the cause of con- 
tinuing expansion of the partitions. 

Analyses and tests of the plaster 
samples showed nothing unusual in the 
materials and proportions. The lime in 
the white coat was a “normal” dolomitic 
hydrate, and bulging or blistering of 
the white coat at 8 yr would have been 
probable. That no such action occurred 
may be explained by expansion of the 
tile base. 

The two tiles, identified as “from up- 
stairs” and “from basement,” were tested 
for moisture expansion over the range 
from room temperature (25 to 30C) 
up to 560 C, according to the method of 
Schurecht as used by Geller and Creamer 
(7, 8). The tile from “upstairs” had ex- 
panded 0.11 per cent and the specimen 
from “basement,” 0.07 per cent. The 
thermal expansion curves for the “base- 
ment” tile are presented in Fig. 7. 
Curve A-B’ represents the thermal 
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expansion of the tile in the as-received 
condition and curve A-B that of the 
same specimen upon reheating. 
Following the convention established 
by Schurecht, both curves are presented 
as having the same initial point. Actu- 
ally curves A-B had its initial point at 
A’ and coincided with the cooling curve 
B’-A'. It will be noted that a significant 
departure of curve A-B’ from curve A-B 
first became evident between 125 and 
150 C while above 350 C the two curves 
are parallel. 


Lineor Expansion, per cent 


100 200 300 400 500 600 
Temperature, deg Cent 

Fic. 7.—Thermal Expansion Curves Made by 
an Interferometer Method as Used by Schurecht. 
The test was made ona specimen from a tile par- 
tition in the basement of the Virginia State Li- 
brary. 


Since these preliminary tests showed 
_ a large moisture expansion in these two 
_ samples, 13 additional tile, representing 
various localities in the Richmond 
building, were secured and tested for 
moisture expansion by the method 
described in the present paper with 
certain exceptions as noted. Water 
absorptions by 1-hr boiling according to 
_ ASTM Method C 112-39,5 were de- 
termined on pieces from 12 of these tile. 
The results are presented in Table I. 
The average absorption was 6.9 per 
cent with a maximum and minimum of 


5 Standard Methods of Sampling and Testing 
Structural Clay Tile (C 112-52), 1952 Book 
re of ASTM Standards, Part 3, p. 450. 


10.5 and 3.7 per cent, respectively, 
which indicates compliance with the 
FTX gradeof ASTM Specification C 212- 
$2 

The test specimens were cut with 
silicon carbide blades without using 
water or other lubricant. The holes for 
insertion of the drive screws were also 
drilled dry. All test specimens were 
stored in a constant temperature room 
at 70 F and 55 per cent relative humidity 
and then measured by two operators. 


TABLE I.—WATER ABSORPTION OF 
TILE FROM VIRGINIA STATE LIBRARY 
DETERMINED BY 1-HR BOILING. 


Absorption as 
Tile Percentage of Dry 
Weight 
Dik 5.9 
4.9 
3.7 
6.1. 


Their measurements checked within + 
0.0005 in. Twelve specimens were then 
autoclaved by the method of C151‘ 
and remeasured. The increases in length 
expressed as percentages of the as- 
received lengths are reported in column 
2 of Table II. The remaining test pieces 
including two strips cut from tile No. 7 
were (a) immersed in water for 72 hr 
at 70 F and then remeasured (column 3), 
(b) autoclaved and remeasured (column 
4), (c) oven dried for 48 hr at 110 C 
(230 F) (column 5), and finally (d) heated 
in furnace for 1 hr at 400 C (752 F) and 
again measured (column 6). 


® Tentative Specifications for Structural 
Clay Facing Tile (C 212-52 T), 1952 Book of 


_ Standards, Part 3, p. 434. 
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From the observations and measure- 
ments made on these samples of materials 
from the Virginia State Library Building, 
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it appears reasonable to assume that 
most of this expansion took place in the 


wall. 


TABLE II.—MOISTURE EXPANSION TESTS OF TILE FROM VIRGINIA 
STATE LIBRARY. 


Tests were made in the order indicated reading from left to right and are expressed as percentages _ 


of the ‘‘as-received” length. 


|Autoclaved, | Subm : Hi i 
Designation of Test in Water | at 40 
per psi, per cent per cent cmt 
1 2 3 4 6 6 7 
+0.002 | +0.071 +0.060 —0.165 0.232 
aks +0.004 | +0.066 +0.027 —0.112 0.178 
+0.001 | +0.085 +0.069 —0.091 0.176 
+0.001 | +0.079 +0.032 —0.102 0.181 
—0.007 | +0.074 +0.082 —0.039 0.113 
—0.002 | +0.086 +0.054 —0.090 0.176 
—0.001 | +0.023 +0.035 —0.002 0.025 
+0.017 | +0.076 +0.046 —0.296 -| 0.372 
—0.004 | +0.078 +0.070 —0.180 0.250 
Aa —0.001 | +0.057 +0.058 —0.198 0.255 
—0.002 | +0.065 +0.022 —0.122 0.187 
—0.005 | +0.069 +0.048 —0.094 0.163 
Total average.......... +0.081 0.000 | +0.065 +0.049 —0.114 0.179 
Comparable average....| +0.081 +0.073° ‘ne 


@ The numbers (1 to 13) preceding the hyphen were those used by the Engineer for identifying 
the location of each tile in the structure. The numbers (1 and 2) to the right of the hyphen identify 
the test pieces cut from the tile. 

> Specimen 9S-1 was cut normal to the cell direction. All other test specimens were cut parallel 


to the cell direction. 


© This average does not include specimens 7-1 and 7-2. 


the following conclusions and comments 


appear justified: 


1. In 8 yr the tile had undergone a 


moisture expansion, averaging 0.114 


per cent increase in length, with a 


maximum of 0.296 (8P1-2) and a mini- 
mum of 0.000 per cent (7-1). Although 
the elapsed time between manufacture 
and installation of the tile is not known, 


2. From the results of autoclave 
treatments, a further average potential 
linear expansion of 0.07 to 0.08 per cent 
might be possible. 

3. The analyses and tests of mortar 
showed nothing 


in composition or 


behavior that should cause the continu- 
ing expansions of the masonry. 
4. The lime in the white coat of the 
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pansion. This is from one of the Lincoln Park Homes buildings in Columbus, Ohio. — 


- Fic. 8 .—Cracking in Brickwork Backed with Structural Clay Tile that Has Undergone Moisture 
x 


Fic. 9.—View of Another Building in Lincoln Park Homes in Columbus, Ohio. 
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plaster was a “normal” dolomitic hydrate 
which frequently causes expansion. 
Bulging rather than cracking charac- 
terizes the behavior of such a lime in 
plaster. 

5. With the exception of specimen 
8P1-2, the effect of immersion in water 
for 72 hr at 70 F was negligible in causing 
change in length. Specimen 8P1-2 ap- 


Fic. 10.—Condition of Plaster in an Apartment Room in Lincoln Park Homes. The 
been replaced three times and the cracks correspond in position to the exterior cracking in the brick- 


work. 


peared to be unusually susceptible to 
moisture expansion in consideration 
both of its 0.017 per cent increase in 
length from immersion in cold water and 
its nearly 0.3 per cent change in length 
caused by furnace heating. The generally 
negligible effect of the cold soaking ap- 
peared, however, to justify use of water 
as a lubricant in subsequent cutting of 
test specimens. 

6. The correlation between water 
absorption and moisture expansion of 
these tile is poor. Specimen 10P1-1, for 
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example, had a water absorption of 3.7 
per cent associated with the high mois- 
ture expansion of 0.198 per cent. Speci- d 
men 7-1, on the other hand, with almost _ 
the same absorption (3.9 per cent), 
had no detectable moisture expansion. 


In summary, the movement of the 
partitions and furring in the Virginia 


plaster had 


State Library is ascribed to moisture 
expansion of the tile used in those struc- 
tures and this expansion may be ex- 
pected to continue for some years. 


Lincoln Park Homes, Columbus, Ohio: 


This installation consists for the most 
part of two-story apartment dwelling 
units supplemented with some one story 
service buildings. There are 26 of these 
apartment buildings, thirteen of them 
having flat roofs and the others having 
pitched roofs of the gable type. The flat 
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roofs are supported by 2 by 8-in. joists 
and consist of wood sheathing, insula- 
tion, and built-up tar and gravel roofing. 
The pitched roofs are of similar construc- 
tion except for the exterior covering 
which is red tile. The exterior walls are 
of face brick backed with load-bearing 
structural clay tile laid in side construc- 
tion. The tioors of the dwelling units 
are of wood construction except for the 
floors of the first-story apartments which 
are concrete when placed on grade. The 
tile walls are supported on foundations 
of concrete block, which in turn are 
P supported on poured concrete footings. 
7 This construction was completed in 
| March 1942 and, according to records 


: submitted through Mr. Tesone of the 

b Public Housing Authority, the masonry 

walls developed cracking shortly after 

_ completion. The cracking has continued 

to date (1954) with both formation of 

new cracks and reopening of old cracks 

that had been repointed. Figures 8 and 9 

show typical cracking patterns on the 

exterior of these. buildings. Figure 10 

is an interior view of a first-story apart- 

7 ment which, according to report, had 

r _ been replastered three times. The ob- 

served exterior cracking was for the 

- most part limited to the south and west 

‘ exposures of these buildings which 

_ faced the usual prevailing wind directions. 

The possibility of a structural failure or 

failures due to adverse foundation con- 

_ ditions was ruled out by tests made by 

___ responsible local engineers. In August, 

1949, a panel or section of wall cut from 

one of these buildings and consisting of 

an unparged brick facing with structural 

Clay tile backing was submitted to the 

National Bureau of Standards for 

laboratory examination. In general, the 

_ procedures used in examining the ma- 

] sonry materials from the Richmond 
library were employed. 

_ Interpretation of chemical analyses of 

the hardened mortar was difficult be- 

cause the aggregate was a mixture of 
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quartz sand and a sand derived from a 
dolomitic limestone. A _ petrographic 
examination of the mortar showed that, 
within the limit of precision of the 
estimate, the mortar was a portland 
cement -dolomitic lime putty - sand 
mortar 1:1:6 by volume as specified by 
the architect. Differential thermal anal- 
ysis curves obtained on these mortars 
showed unmistakably the presence of 
considerable dolomite (from the aggre- 
gate), but little or no calcium hydroxide 
(Ca(OH)2) was indicated. Apparently 
nearly all of the Ca(OH). originally 
present in the lime putty had carbonated 
during the 8 yr exposure. From the 
magnitude of the breaks in the heating 
curves, it was estimated that the mortar 
from the tile section of the wall contained 
5 per cent of magnesium hydroxide 
(Mg(OH):), 50 per cent of dolomite, 
and about 15 per cent of calcium carbo- 
nate (CaCO;) not present as dolomite. 
Similar estimates for the mortar from 
the brick portion of the panel indicated 
5, 50, and 10 per cent, respectively, for 
the same compounds. This technique 
does not show the presence of free cal- 
cium or magnesium oxide. 

Autoclave expansion tests (3 hr at 295 
psi) gave an average increase in length 
of 0.06 per cent for the mortar from the 
tile and 0.07 per cent for the brick 
mortar. Individual values ranged from 
0.03 to 0.09 per cent. The conclusion 
with respect to this mortar is that it 
may have contributed to the expansion 
of these structures. 

The results of routine laboratory tests 
on the brick, according to the ASTM 
Methods C 67’ are as follows: water 
absorption by 24-hr cold immersion, 1.8 
per cent by weight; water absorption by 
5-hr boiling, 3.7 per cent; saturation 
coefficient, 0.49; initial rate of absorption 
for 1 min, 5.8 g; modulus of rupture, 


7 Standard Methods of Sampling and Testing 


Brick (C 67 — 50), 1952 Book of ASTM Stand- 
ards, Part 3, p. 414. 
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1060 psi; and compressive strength, 
9620 psi. Each value reported is an 
average of five. As a matter of interest, 
these values are in very good agree- 
ment with the results of acceptance tests 
made by an Ohio commercial testing 
laboratory in 1941. Autoclave and 
furnace heating tests made on 8-in. 
prisms cut from these bricks gave no 
measurable change in length. Values were 
random within +0.002 per cent. On the 
basis of known properties, the cracking 
could not be ascribed to the brick. 

The structural clay tile was a red- 
burning shale body with water absorp- 
tion by 1-hr boiling averaging 11.8 per 
cent and a compressive strength of 1190 
psi when tested as side construction 
tile. These values complied with grade 
LBS of ASTM Specification C 34.* 

Three tile, graded by color as light, 
medium, and dark, respectively, were 
selected and subjected to moisture ex- 
pansion tests (furnace heating and auto- 
claving). as described above under 
“Preparation of Specimens and Methods 
of Test.” The linear changes from the 
as-received length are expressed as 
percentages in the following tabulation: 


| Light | Medium| Dark 
| Color Color Color 
Change, per cent 
From furnace treat- | 
— 0.116, —0.094/ —0.107 
Autoclaving....... +0.092 +0.099| +0.095 
Difference......... 0.208 0. 193 0.202 


It is of interest to note that these 
specimens were subsequently subjected 
to two more complete cycles of furnace 
heating and autoclaving. The results 
were reproducible within the limits of 
accuracy of the measurements (0.002 
per cent). It was concluded, therefore, 
that the moisture expansion of these 
particular tile was completely reversible 

8Standard Specifications for Structural 
Clay Load-Bearing Wall Tile (C 34 — 52), 1952 
Book of ASTM Standard* = Part 3, p. 424. 


under the conditions of these experi- 
ments. 
From the foregoing investigations and — ; 
tests, it was concluded that the principal ; 
cause of the cracking observed in the 
masonry walls of the Lincoln Park 
Homes was the moisture expansion of 
the structural clay tile backing. Delayed 
hydration and consequent expansion of 
the originally unhydrated magnesium 
oxide content of the mortar may have 
contributed to the cracking of the 
masonry. In this connection two sd 
tional structures were reported to have 
been built with the same tile at about 
the same time (1942). One of these 
buildings is said to have cracked, though 
not to the degree observed on the hous- 
ing development. The other building 
was reported as not having cracked when — 
examined in 1949. No information on — 
mortar or design was provided. _ 
Although the expansion upon auto- ==> 
claving of the tile from the Lincoln Park 
Homes indicated that an additional ex- _ 
pansion (linear) of approximately 0.1 
per cent could occur in addition to the 
expansion of 0.1 per cent that had — 
already taken place, it is uncertain 
whether ordinary conditions of ex- 
posure, even for a very long time, would - 
produce the degree of expansion resulting 
from autoclaving. In other words, 
those portions of the masonry that have 
already cracked may not be expected to 
double the existing amount of cracking 
or double the width of existing cracks. 
On the other hand, those walls (north 
and east) now showing little cracking, 
might be expected to crack in the future. 
Mr. George Marshall, Attorney for 
the Columbus Metropolitan Housing 
Authority, provided the following in- 
formation in a letter dated January 21, 
1954: 


“During the summers of 1951, 1952 and 
1953, the entire brick surfaces of this project 
were regrouted with a thin paste made up 
of Ottawa sand (very fine white lake sand), 
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cement and a water proofing compound. 
This was painted over the entire surface of 
the building and when it was set up the 
workers took a burlap sack and washed off 
the surface of the brick which restored the 
general appearance but without removing 
the material which had gone into the cracks 
and crevices. The local housing authority 
is very well pleased with the results of this 


_ restoring process, but small cracks are 


beginning to show in the buildings which 
were treated three years ago and it is now 
contemplated that the same process might 


_ be repeated once more in another several 
_ years. While the rooms are now free from 


moisture and rain, the damage caused by 


_ the original water coming through | the 


walls is being rectified from time to time 


_ by replastering the interior walls of the 


respective apartments.” 


Federal Office Building in Metropolitan 
Area of Washington, D. C.: 


The original structure was completed 


in September, 1941, and consisted of a 


three-story concrete frame building 


_ approximately 780 ft long with seven 


wings each about 400 ft long. In July, 


- 1943, a fourth story was added and, in 
_ September, 1944, an eighth wing. Each 


story of the main building was served 
by a corridor 700 ft long and 10 ft high 


_ formed by two partitions of unplastered 


clay facing tile 6 in. in thickness. Access 
to offices on both sides of the corridors 


2 in the three lower stories is by 138 
_ metal doors. These doors are usually 20 


ft center to center and come approxi- 
mately midway between columns or 
pilasters which are on 20-ft centers. The 
length of masonry between doors varies 


- from 16 to 18 ft: The corresponding 


doors on the fourth floor are wood. 


According to the original plans, the 


clearance of the masonry around the 
metal door bucks was 3 in. “Jam- 
ming” of metal doors was first reported 
in October, 1946. In May, 1950, the 
main floor corridor was inspected and 
samples of tile and mortar were sub- 


mitted to the National Bureau of 
Standards for examination shortly there- 
after. As of 1951, a total of 104 out of 
138 doors in the three lower stories had 
required resetting to relieve jamming. 
No trouble on the top story or in the 
wings was reported and no further re- 
ports of jamming have been received 
since 1951. 

A careful inspection of the first story 
corridor indicated the presence of a few 
45-deg hair cracks in the bed joint 
separating the tile course which con- 
tinued above the door from the course 
immediately below which abutted on the 
door frame. A few similar diagonal hair 
cracks were noted in the bed joints 
separating the base course from the 
next course above. This diagonal crack- 
ing was barely detectable and would 
probably not be a cause of concern. If, 
however, the partitions had been plas- 
tered, it is probable that easily noticeable 
cracks resembling those shown in Fig. 
3 would have formed in the plaster over 
these bed joints. 

The contractor had been given the 
choice of several mortar combinations 
involving ingredients such as portland 
cement, white portland cement, non- 
staining cement, or slag cement, mixed 
with from} to 1 part of lime putty 
such as 1:4:4 or 1:1:6 cement-lime- 
sand proportions by volume. The 
magnesium oxide (MgO) content was 
determined by analysis to be 0.5 per 
cent. No other examinations of mortar 
were made. 

Two tile, identified as “A” and “B” 
and having dimensions of 12 by 5 by 6 in. 
were received, examined, and tested. 
These specimens resembled the Rich- 
mond, Va., tile in that both were fireclay 
bodies and both had about the same 
degree of firing as indicated by water 
absorption. They were, however, the 
product of a different manufacturer. 
Pieces of tiles A and B were weighed, 
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oven dried and subjected to 24-hr cold 
water immersion and 1-hr boiling with 
the following results: 


Water Absorption | Absorption 
Tile Content as by 24-hr. by 1-hr 


Received, | Immersion, Boiling, 

‘ per cent per cent per cent 
0.64 5.76 7.15 
0.33 3.98 5.80 


Six prisms, approximately 9.4 in. in 
length, were cut from each of the two 


specimens A and B from Table III) 
and applying this to the 16 to 18 ft of 
masonry between door frames gives an 
increase of length of from 0.127 to 
0.143 in. The # (0.094)-in. clearance 
specified in the architect’s drawings 
was probably reduced if the masons 
followed their usual practice of “crowd- 
ing” the door bucks while laying tile. 
It appears reasonable to conclude that 
the measured moisture expansion could 
account for the observed jamming of 
door openings. 


TABLE III.—MOISTURE EXPANSION TESTS OF TILE FROM FEDERAL OFFICE 
BUILDING NEAR WASHINGTON, D. C. 


Tests were made in the order indicated, reading from left to right and are expressed as percentages _ 


of the ‘‘as-received”’ length. 


Autecteved, Prebeating, Heated for | Autoclaved, Differences, per cent 
ra rat 1 t t 
Designation of Test Specimen | 595 psi, | 110-118 C, 400 305 
percent | percent per cent per cent 
1 2 3 4 & 6 7 
+0.061 | +0.043 | —0.065 0.126 
—0.030 | —0.078 +0.052 0.130 
+0.060 | —0.079° +0.055 0.125 0.134 
—0.019 | —0.051 +0.057 0.108 
—0.015 | —0.054 +0.060 0.114 
+0.072 | +0.066 | —0.033 0.105 
+0.067 | +0.061 | —0.033 0.100 
—0.017 | —0.052 +0.061 0.113 
i +0.070 | —0.018% —0.053° +0.056 0.102 0.109 


® Average does not include specimens A-2 and A-3. 
> Average does not include specimens B-4 and B-5. 


tiles and tested for moisture expansion 
according to the methods previously 
described. The results are presented in 
Table III in the order (left to right) in 
which the tests were made. Note that 
autoclaving preceded furnace heating 
for some specimens and followed it 
for others. 

Taking the value of 0.066 per cent 
for moisture expansion (average of 


In summary, three examples of 
damage resulting from moisture expan- 
sion of structural clay tile have been 
described. They illustrate (a) the crack- 
ing patterns of plaster applied to tile 
masonry; (5) the cracking of brick facing 
over tile; and (c) the jamming of door 
openings resulting from expansion of 
masonry built with tile subject to mois- 
ture expansion. 
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DIscussION 


The methods of test described in this 
paper, although based upon the prin- 
ciples of Schurecht (3), differ consider- 
ably from the techniques used by him. 
The following discussion considers some 
of the differences between the two 
methods and reasons for the changes. 

A comparator equipped with a mi- 
crometer dial and a micrometer screw 
was substituted for the interferometer 
(13) used by Schurecht in his furnace 
test. The interferometer method much 
mechanical comparators in 
accuracy and sensitivity, but a compara- 
tor reading to 0.0001 in. is of sufficient 


- accuracy when used with specimens of 


the size available from structural clay 
tile. The substitution of a 10-in. test 
specimen for the comparatively small 
disk used with an interferometer should 
provide a better sampling or averaging 
of the tile. Among other advantages of 
the present test method are: (a) two 
readings at room temperature (before 
and after furnace heating) are substi- 
tuted for the numerous readings neces- 
sary for obtaining the two curves re- 
quired by Schurecht’s method, (6) 
mechanical comparators are more gen- 
erally available than interferometers 
in plant laboratories, and (c) the opera- 
tion of a mechanical comparator does 
not required the degree of training, skill, 
and attention needed for an interferome- 
ter method. 

The replacement of Schurecht’s 560 C 
maximum temperature by the 400 C of 
the present method appears justified 
since Fig. 7 shows that the initial heating 
and the reheating curves are parallel 
above 350 C. Schurecht’s choice of 
temperature was presumably set with the 
intention of approaching but not ex- 
ceeding, the inversion point for quartz 
(572 C). 

The substitution of autoclaving at 
295 psi for 3 hr for Schurecht’s 150 psi 
for 1 hr is more controversial. All com- 
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parisons (4, 5, 10, 11) involving the effects 
of variation in the duration and pressure 
(temperature) of autoclaving indicate 
that increase in expansion will result 
from increase in time of exposure and 
pressure. The 150-psi pressure used for 
testing tendency to craze of glazed ware 
is generally agreed to be satisfactory for 
that purpose. The concern there is with 
differential volume change of the glaze 
and body with resultant cracking and 
crazing. The reason for using a more 
severe test in the present investigation 
is to produce a readily measurable 
expansion if expansion takes place. 

For specification purpose a specimen 
would be considered unsuitable for use 
if the autoclave expansion (length) 
exceeded a given limit. Tentatively, a 
maximum limit of 0.05 per cent increase 
in length for tile tested at 295 psi for 3 
hr is suggested. The use for which thr 
tile is intended, the age of the specimen, 
and the kind of exposure before testing 
would obviously have to be considered 
in setting an acceptance limit. 

From the measurements obtained in 
connection with the three structures 
described in the present paper, it is 
concluded that in 8-yr exposures, ap- 
proximately one half to two thirds of 
the maximum possible moisture expan- 
sion had taken place. In two of these 
structures, the Virginia State Library 
and the Federal office building, the tile 
was exposed as interior partitions, and, 
in addition, the Library was air condi- 
tioned. The Lincoln Park Homes repre- 
sented a more severe exposure in that 
water from wind-driven rain actually 
penetrated the masonry. With the 
exception of the Federal office building, 
recent history of these structures showed 
continued cracking. The extensive cut- 
ting-out of door frames may have re- 
lieved or postponed further trouble 
from expansion in the office building. 
That a large moisture expansion can 
result from exposure as partitions in an 
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air-conditioned building indicates the 
slight amount of water necessary for 
the reaction. It is suspected that the 
results reported by Holscher (6) using 
non-aqueous liquids may have been 
caused by traces of water in his reagents. 

The degree of expansion that will cause 
observable damage obviously depends 
upon such factors as amount and 
nature of restraint, interaction with 
other materials free from expansion or 
actually shrinking, and the relative 
elasticities of the materials involved. 
Plaster on expanding masonry, for 
example, brings out cracking patterns 
corresponding to Lueder’s lines and 
clearly indicates relative motions of 
different portions of the masonry. In the 
absence of plaster or correspondingly 
brittle coatings, expansions of consider- 
able magnitude may take place with 
very little visible cracking as in the 
Federal office building corridors. The 
observed failures of furring tile by 
column action may represent the com- 
bined action of expanding tile with 
shrinking (shortening) concrete frames. 

To the author’s knowledge, no remedy 
for damage to existing masonry resulting 
from moisture expansion of the units 
has been found or suggested. The rather 
meager data indicate that expansion is 
noticeably continuing after at least 12 
yr of exposure. Moisture expansion of 
structural clay masonry units is, for- 
tunately, rare. To date, only three 
sources of structural clay tile have been 
found which exhibit this behavior. The 
photographs and descriptions in the 
present paper are offered as aids in 
identifying similar cases of moisture 
expansion. 


SUMMARY AND CONCLUSIONS 


It is well known that certain fired 
clay bodies will gradually expand 
through the interaction of water with the 
body. This effect, known as moisture 
expansion, 
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has been long recognized'as 
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one of the causes of cracking and crazing _ 
of glazes on certain ceramic wares. The 
present paper describes several cases of 
damage in masonry, built in part with 
structural clay tile. From laboratory 
tests of the various masonry materials 
together with consideration of various 
other possible causes, moisture expansion 
of the structural clay tile was estab- 
lished as the cause of the damage. Meth- 
ods of test for existing moisture expan- 
sion and for possible future expansion 
are described in detail. 

Among the principal observations 
and conclusions are the following: 

1. Several cases have been observed 
where moisture expansion of structural 
clay tile is of such magnitude as to 
cause cracking of associated plaster and 
brick veneer, jamming of metal doors, 
or even the failure of furring through 
column action. 

2. Specimens cut from tile from struc- . 
tures suspected of having expanded 
were tested by heating to 400 C and 
measuring the change in length at room 
temperature caused by such heating. 
A decrease in length was assumed to 
measure the moisture expansion that 
had occurred since the tile were origi- 
nally fired. Specimens of tile from the 
three buildings described in the present 
paper had undergone average moisture 
expansion (increase in length) in a 
period of 8 yr of from 0.066 to 0.114 per 
cent. Expansion of individual specimens _ 
ranged from 0.000 to 0.296 per cent. 

3. The correlation between =e : 


expansion and water absorption was 
poor for the tile specimens examined in 
this investigation. 

4. The average potential future mois- _ 
ture expansion of these tile ranged from 
0.056 to 0.099 per cent based on 0d 
measured expansion by autoclaving for 
3 hr at 295 psi. 

5. At an exposure age of 8 yr, mois- 
ture expansion of from one half to two 
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thirds of the total potential expansion 
had occurred. 

6. According to available field reports, 
moisture expansion as indicated by 
continued cracking is still occurring 
after 12 yr of exposure. 

7. Moisture expansion apparently does 
not require contact with free water but 
may occur in interior partitions and 
furrings. One example was found in 
interior partitions of an air-conditioned 
building. 

8. Moisture expansion of structural 
clay tile of sufficient magnitude to cause 

_ damage appears to be rare. Such expan- 
— have been observed to date for tile 


from only three sources. 
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Mr. WALTER C. Voss! (by letier).— 
The author is to be commended for call- 
ing attention to another one of several 
causes for the cracking of masonry walls. 
We must now add the possibility of so- 
called “moisture expansion of structural 
clay tile” to the already existing and 
reported causes, such as: 

1. Structural movements which in- 
volve settlements, structural consolida- 
tion, deflection effects, and unusual re- 
straint; 

2. Mortar expansion; 

3. Differential thermal expansion; and 

4. Normal, differential expansion 
caused by water absorption. 

While this discussion omits all refer- 
ences to the causes listed above, it is well 
to keep in mind that several or all of 
them may be operating jointly to pro- 
duce or even to relieve cracking tenden- 
cies. In addition, it must be remembered 
that movements for whatever reason 
quite frequently are misinterpreted be- 
cause of a lack of consideration of possi- 
ble hysteresis on return to normal 
starting condition. 

With particular reference to Mr. Mc- 
Burney’s paper, I find it difficult to ac- 
cept the statement: “The length of the 
specimen after furnace treatment was 
assumed to be the same as the length 
after firing in the kiln.” When this is 
considered in the light of ‘‘the assumption 
(a) that clay bodies had their least size 
after cooling from their original firing 
in the kiln,” it must be assumed that the 
author considered the specimen after 


1 Consultant, Architectural Construction and 
Materials, Cambridge, M 
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furnace treatment to be of minimum 
length. When these relationships are 
coupled with assumption (c), given un- 
der Heating Test, it appears that the 
variation in length after reheating and 
“as received” is entirely assessed to the - 
“hydration of certain constituents of the 
clay body,” which appears under as- 
sumption This hypothesis ignores 
elements of internal hysteresis resulting 
of distention and extension, which may 
from operative. 

The assumption on the part of the 
author that an autoclave test as de- 
scribed would establish the end point of 
possible future expansion is at least bold 
but subject to considerable question. 
There is no evidence that such a test 
produces results similar to normal ex- 
posure and the conditions surrounding 
any particular installation will greatly 
affect the time required to produce the 
so-called “moisture expansion” by hy- 
dration. 

While the paper calls attention to the 
possibility of potential expansion in cer- 
tain tile bodies and may suggest a test 
for establishing some criteria of accept- 
ance, such tests should be used with cau- 
tion and should be interpreted in the 
light of other contributing causes before 
the decision is made to condemn the tile 
for certain uses. Provisions for stress re- 
lief and variations in the details of the 
wall and its constituent materials may 
well confine the expansion described in 
this paper to extremely secondary réles. 

Mr. Joun C. THorNTON? (by letter.) — 
Several months before Mr. McBurney’s 


2 Architect, Royal Oak, Mich. 
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paper was presented, the writer was dis- 
cussing masonry problems with the 
author and he mentioned the work he 
was doing on expansion of structural clay 
tile. This conversation came back to me 
_ when we had a case of severe cracking in 
masonry walls for which there was no 
apparent reason. 

We were requested to make a report 


substation erected in 1950. The building 
* _ is approximately 50 ft long by 25 ft deep, 
one story high with steel roof deck. The 
floor slab is on the ground 6 in. above 
grade. Attached at the rear are two 
= transformer enclosures slightly higher 
_ than the building and without roofs. The 
walls of the building are face brick ex- 
terior and a salt-glazed tile interior with 
_ masonry bond. The transformer enclos- 
ures have the same face brick exterior, 
- but the backup is of cinder block, used 
- to lower transformer hum. The footings 
are of concrete and the foundation walls 
are of concrete block. 

Inspection of the building revealed 
that there were a number of cracks in the 
face brick and that they occurred on all 
four elevations, but that there were no 
_ cracks in the interior salt glazed tile. On 
the interior it was noticed that there were 

openings a‘. the ends of the continuous 

window sills and that there appeared to 

be a movement of the wall at the floor 

line. There were no cracks in the brick- 

_ work of the transformer enclosures. One 

crack was found in the all-cinder-block 

dividing wall between the enclosures, due 

no doubt to shrinkage of the concrete 

units. Excavations were made at four 

f places where cracks continued to grade, 

and it was found that they stopped at 

_ the floor line. The foundation walls and 
footings were in perfect condition. 

At this point we remembered our con- 

- versation with Mr. McBurney. He very 

_ kindly furnished us with his methods of 

test, and samples of the brick and tile 
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were sent to the laboratory to determine 
if expansion of the interior tile had taken 
place. We also tested another brick, some 
new salt glazed tile, and some new 
ceramic glazed tile. The oven treatment 
gave an average of —0.038 per cent or 
approximately } in. in the length of the 
building and the autoclave +0.128 per 
cent. The change in the brick was negligi- 
ble. These tests showed that without 
doubt, the cracking in this building was 
due to the causes Mr. McBurney gives 
in his paper. 

To obtain further information, we in- 
spected several other buildings where 
salt glazed and ceramic glazed tile had 
been used for interior finish. These units 
showed that where the salt-glazed tile 
had been used there was usually exterior 
cracking, but that this did not occur 
where ceramic glazed tile was used. The 
laboratory tests showed that the ceramic- 
glazed tile could expand, but no case 
could be found of expansion in the wall. 

An important fact in this study was 
that the buildings we investigated were 
kept at a low temperature, except when 
men were working in them. Condensa- 
tion on the walls was noticeable in sev- 
eral cases. 

Another test was recently made with 
another salt-glazed tile taken from a 
power house. Where the building is 
heated there has been no trouble, but in 
an ash aisle where it is cold and there is a 
great deal of moisture, the walls have 
cracked very severely. Laboratory tests 
with these tile showed after oven treat- 
ment —0.108 per cent or 1g% in. per 
100 ft and after autoclaving +0.19 per 
cent or + y% in. This wall was built over 
25 years ago. 

We believe in the above cases that the 
condensation caused by not heating the 
buildings has contributed to our trouble, 
for we have not had it with the same tile 
in heated structures. It also appears that 
moisture penetrates a salt-glazed surface 
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but does not enter ceramic-glazed units 
through the glazed face. 

We believe that Mr. McBurney has 
shown the cause for considerably more 
masonry wall failures than he realized 
when he wrote the paper. 

Mr. J. W. McBurney (author’s 
closure).—The comments by Mr. Voss on 
the need for considering other contribut- 
ing causes are very timely. Note the next 
to the last paragraph at the end of the 
author’s discussion (page 1237). The use of 
the word “assumption” was unfortunate. 
Few observations and explanations of 
behavior of ceramic bodies are as firmly 
established today as these “assumptions” 
made by H. G. Schurecht between 1922 
and 1928. His 150-psi autoclave test is 
standard in the glazed brick and tile and 
the whiteware industries. He had experi- 
mented with 75-psi autoclaving and 
demonstrated that this was not severe 
enough to cause crazing of glazes on 
bodies which crazed from 4 years’ ex- 
posure to weather. The 295-psi test used 
in the present paper should be more 
severe than Schurecht’s 150 psi method 
(see Treischel (5)). If a still more severe 
test is needed, increase in time of auto- 
claving rather than increase in pressure 
would be recommended (see references 
(10) and (11)). 

The author, however, is none too sure 
now that the results of the 295-psi auto- 
clave expansions may not ultimately be 
exceeded by tile in the Richmond Library 
and the Lincoln Park homes. Cracking 
is continuing after 12 years according to 
the latest reports. The “assumption” for 
which the author has no proof is that the 
0.05 per cent limit on autoclave expan- 
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sion gives assurance of freedom from 
damaging expansion in masonry. Note 


the qualifications surrounding this sug- 
gestion. 

Schurecht’s experiments in which he | 
cast test specimens in the laboratory and 
fired to maturity with subsequent treat- 
ments including soaking, weather ex- 
posure or autoclaving with observed 
expansions, and later reheating, provided 
the justification for ‘assumption a.” The 
length after reheating usually corre- 
sponded to what might be called the 
“fired length.” Note also the perfect 
cyclic reversibility for the tile from the 
Lincoln Park homes. Would not the 
hysteresis postulated by Mr. Voss have 
the effect of making the measured ex- 
pansion less than what actually occurred? 

It should be emphasized that the only 
novelties in the author’s paper are the 
demonstration and illustrations of the 
effect of moisture expansion in causing 
the expansion of masonry and in provid- 
ing “short-cut” methods for detecting 
previous moisture expansion and pre- 
dicting its future occurrence or non-oc- 
currence. This paper is only another unit 
laid on the foundation established by 
Schurecht. Many research workers have 
tested and confirmed this foundation. 

Mr. Thornton has provided an excel- 
lent model of procedure to be followed in 
establishing the cause of cracking. He 
first inspected the building for the facts 
with respect to nature and location of 
cracks. He then observed what materials 
were associated with cracking and ab- 
sence of cracking, thus finding the com- 
mon factors, and finally he had labora- 
tory tests made to determine the behavior 
and condition of the suspect materials. 


4 


r 
r 
e 
l. 
e 
h 
a : 
is 
n > 
a 
e > 
: 
le 
le 
> . 
1 a 


We 


of wit 4 


SUMMARY OF PROCEEDINGS OF THE SESSION ON 


SIGNIFICANCE OF TESTS OF CONCRETE 


The Twenty-third Session of the Fifty-seventh Annual Meeting of the 
= | Society in Chicago, Ill. on June 16, 1954, was devoted to the presentation 
: of a group of papers on Significance of Tests of Concrete. This session was 
sponsored by Committee C-9 on Concrete and Concrete Aggregates. These 
papers are intended to become part of the Symposium on Significance of 
Tests of Concrete to be issued sometime in the fal! of 1955 as ASTM STP 
_ No. 169. The following five papers were presented: ? 
Mixing and Curing Water for Concrete—W. J. McCoy 
Petrographic Examination of Concrete Aggregates—Richard C. Mielenz 
Significance of Tests and Properties of Mineral Admixtures—H. S. Meiss- 
ner 
= Air-Entraining Admixtures—C. E. Wuerpel 
> : Setting Time of Concrete—E. W. Scripture, Jr. 
‘The paper by Mielenz is being published in this 1954 Proceedings and will 
also be included in the Significance of Tests of Concrete booklet. The re- 
maining papers are being reviewed by the members of Committee C-9 


before their inclusion in the Symposium book. a” * 
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ol SUPPLEMENT TO SYMPOSIUM OF LATERAL bee 
| LOAD TESTS ON PILES r 


Two papers, covering problems of measurement and analysis of lateral 
earth pressures, deflections, shears, and moments, were presented at the 
Nineteenth Session of the Fifty-seventh Annual Meeting of the Society in 
Chicago, Ill , on June 16, 1954. As these papers contained additional data to 
the Symposium on Lateral Load Tests on Piles sponsored in 1953 by Sub- 
committee R-10 on Bearing Tests of Soil in Place, Committee D-18 on Soils 
for Engineering purposes, and published as ASTM STP No. 154, it was 
recommended that they be published as a supplement to the Symposium. 

The papers are: 


Piles Subjected to Lateral Thrust: 
Part I—Measurement of Earth Pressure and Deflection Along the Em- 
bedded Portion of a 40-ft Steel Pile—H. G. Mason and J. A. Bishop 


mH Part II—Analysis of Pressure Deflection, Moment, and Shear by the 


7 a Method of Difference Equations—L. A. Palmer and P. P. Brown 


These papers and discussions were issued as ASTM Special Technical 


Publication No. 154-A entitled “Supplement to Symposium on Lateral Load 
Tests on Piles.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 
ON PERMEABILITY OF SOILS 


Subcommittee R-4 on Physical Properties of Soils, Committee D-18 on 
Soils for Engineering Purposes, sponsored the Symposium on Permeability 
of Soils, held at the Eleventh and Seventeenth Sessions of the Fifty-seventh 
Annual Meeting of the Society in Chicago, Ill., on June 15, 1954. In present- 
ing the significant factors which must be considered in order to achieve re- 
liable results from permeability measurements, this Symposium described — 
the latest developments in field sampling and laboratory techniques. 

The Symposium included the following papers: 


Introduction—E. S. Barber 

Principles of Permeability Testing of Soils—Donald M. Burmister 

Water Movement Through Porous Hydrophilic Systems Under Capillary, — 
Electric, and Thermal Potentials—Hans F. Winterkorn 

Permeability Test for Sands—T. Y. Chu, D. T. Davidson, and A. E. Wick- | 
strom 

Low-Head Permeameter for Testing Granular Materials—E. G. Yemington 

The Permeability of Compacted Fine Grained Soils—T. W. Lambe 

The Permeability and Settlement of Laboratory Specimens of Sand and Sand- 
Gravel Mixtures—Chester W. Jones ‘ 

Measurement of the Hydraulic Conductivity of Soil in Place—Don Kirkham 

Measurement of Permeabilities in Ground-Water Investigations—W. O. 
Smith and R. W. Stallman 

Selected References on Permeability—A. I. Johnson 


These papers with discussions were issued as ASTM Special T: echwical 
Publication No. 163 entitled “Symposium on Permeability of Soils.” 


4 
4 
4 
“pe 
t 
3 


= 


SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
METHODS OF TESTING BUILDING CONSTRUCTIONS | 


Committee E-6 on Methods of Testing Building Constructions arranged 
the Symposium on Methods of Testing Building Constructions held at the 
_ Thirty-second and Thirty-third Sessions of the Fifty-seventh Annual Meet- 

__ ing of the Society in Chicago, Ill., on June 17 and 18, 1954. 
The Symposium included the following papers: “— = 
6 

Introduction—W. T. Savage 

Why Test Building Constructions—Herbert L. Whittemore ; 

Structural Performance Requirements in Housing Codes—Lyman W. Wood 

Transverse Strength of Masonry Walls—C. B. Monk, Jr. 

Fire Tests of Building Structures and Materials and Their Utilization in 
Building Code Requirements—A. J. Steiner 

History and Bibliography of Wood Diaphragm Tests—A. C. Horner 

Glued and Nailed Roof Trusses for House Construction—R. F. Luxford and 
Otto C. Heyer 

Lateral Tests on Full-Scale Lumber- and Plywood-Sheathed Roof Diaphragms 
—J. R. Stillinger 

Summary—J. A. Liska 


The papers and discussions were issued as ASTM Special Technical Publi- 
cation No. 166 entitled “Symposium on Methods of Testing Building Con- 
structions.” 
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in this connection. 


The use of a proper specific gravity 
é for aggregate is of paramount importance 
a the design and evaluation of bitumin- 

ous mixtures. The proper specific gravity 
for one purpose may be quite different 
from that required for another and yet 
both may be correct for the purpose in- 
tended. In order to obtain a true com- 
parison between theoretical density of 
_a bituminous mixture and the actual 
__ * Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 
1lChief, Runways Section, Airfields Branch, 

_ Office, Chief of Engineers, Corps of Engineers, 
U.S. Army. 

? Director, South Atlantic Division Labora- 


tory, Corps of Engineers, U. S. Army. 
; 3Chief, Bituminous Subsection, South At- 


lantic Division Laboratory, Corps of Engineers, 
U. 8. Army. 

*Chief, Bituminous and Chemical Section, 
Corps of Engineers’ Waterways Experiment 
Station. 


ALUATION OF THE SPECIFIC GRAVITY OF AGGREGATES FOR 
- USE IN BITUMINOUS MIXTURES* 


By W. C. Ricxetts,' Jonn C. Spracue,? D. D. Tass,’ anp J. L. McRae‘ 
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SYNOPSIS 


Because aggregates absorb bitumen to a variable extent, no single one of the 
; conventional specific gravities has proved satisfactory for general use with 
porous aggregates in bituminous mixtures. It is indicated that the proper 
specific gravity to use ranges from conventional bulk to conventional apparent, 
its relative numerical value depending upon the quantity and type pores and 
other characteristics of the aggregate that control the extent to which it is pene- 
trated by bitumen. An erroneous aggregate specific gravity can cause a bi- 
tuminous mix to be too lean or too rich, with attendant unsatisfactory char- 
acteristics. This paper describes what is termed bulk impregnated specific 
gravity which is a function of the ratio of bitumen to water absorption of an | 
aggregate. This new specific gravity is an outgrowth of development of the 
Corps of Engineers’ procedures for the design and control of bituminous paving 
mixtures and has been found satisfactory for general use with aggregates used 


density of the pavement, the specific 
gravity of the aggregate must be known 
accurately. Also, the specific gravity is 
used to establish voids criteria, which 
in turn help to establish the optimum 
bitumen content. Therefore, any in- 
correctness in specific gravity adversely 
affects bitumen content and other char- 
acteristics of the mix. The three con- 
ventional specific gravities have been 
used more or less interchangeably for 
bituminous aggregates, some agencies 
using bulk, some apparent, and some 
bulk saturated surface-dry specific grav- 
ity; voids criteria of course must be 
consonant with the specific gravity used. 
When using aggregate of low absorption 
(less than 0.5 per cent), the induced error 
is not too great; but when the more 
permeable aggregates are used the con- 


| 
4 
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ventional gravities can produce unsatis- 
factory results. Theoretically, when an 
aggregate absorbs no bitumen, its bulk 
impregnated specific gravity equals con- 
ventional bulk; conversely, if absorbed 
bitumen equals water absorption, its 
bulk impregnated specific gravity is 
equal to apparent specific gravity. The 
term bulk impregnated specific gravity 
is used for the specific gravity described 
herein as being universally applicable 
for the typical aggregates used in bi- 
tuminous mixtures; it may be defined 
as the specific gravity that results in 
computed voids that are in agreement 
with limiting criteria for bituminous 
pavements established on the basis of 
field behavior. 


COMPARISON OF 
GRAVITY CONCEPTS 

A brief comparison of the conventional 
specific gravities, defined by the ASTM,5 
and the concept of bulk impregnated 
specific gravity is illustrated in the in- 
terest of clarity: 

Bulk Specific Gravity [SG,].—“The 
ratio of the weight [A = oven dry] in 
air of a given volume of a permeable 
material (including both permeable and 
impermeable voids normal to the ma- 
terial) at a stated temperature to the 
weight in air of an equal volume [V;] of 
distilled water at a stated temperature”: 


SG, = 2. The volume includes solids 
t 


and all pores. V; represents the gross 
volume of material and is equivalent to 
conventional B — C.° 

Bulk Specific Gravity, Saturated Sur- 
face-Dry Basis (SGps).—‘The ratio of the 


5 Standard Definitions of Terms Relating to 
Specific Gravity (E 12-27), 1952 Book of 
ASTM Standards, Part 3, p. 1594. Data in 
brackets and the illustrative symbols have been 
added by the authors. 

® Standard Method of Test for Specific Grav- 
ity and Absorption of Coarse Aggregate (C 127 -— 
42), 1952 Book of ASTM Standards. Part 3. 
p. 967. 
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weight [B = saturated surface-dry 
weight] in air of a given volume of a 
permeable material (including both per- 
meable and impermeable voids normal 
to the material) at a stated temperature 
to the weight in air of an equal volume 
[V;] of distilled water at a stated temper- 


B 
ature”: SGps = v; The gross volume 
t 


includes solids and all pores; the weight 
includes water absorbed by the perme- 
able pores. 
Apparent Specific Gravity [SG,].—“The 
ratio of the weight [A] in air of a given 
volume of the impermeable portion of 
a permeable material (that is, the solid 
matter including its impermeable pores 
or voids) at a stated temperature to the 
weight in air of an equal volume [V; — 
V,] of distilled water at a stated temper- 


ature”: SG, = ? where V, 


— V, 
symbolizes the volume 
pores and is equivalent to conventional 
B — A; The volume includes solids and 
impermeable pores only. Visualize that 
all permeable pores have been squeezed 
out, causing a concomitant decrease in 
volume of rock; the term V; — V, repre- 
sents this net volume and is equivalent 
to conventional A — C6 

Bulk Impregnated Specific Gravity 
(SGpi ).—The ratio of the weight, A, 
in air of a given volume of a permeable 
aggregate (including solids, imperme- 
able pores and pores normally permele 
to water but which are variably perme- 
able to bitumen) at a stated temperature _ 
to: the weight in air of an equal volume, 
V;, of distilled water at a stated temper- 


ature minus the weight of the volume, 
V,, of bitumen absorbed by pores which 


are permeable to it. SGyi = 


Vi Ve 
The volume includes solids, impermeable 
pores, and pores which are permeable to 
water but which exhibit variable perme- 
ability to bitumen. Visualize that all 
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TABLE I.—CHARACTERISTICS OF INDIVIDUAL COARSE AND FINE AGGREGATES 
INCLUDED IN THE SPECIFIC GRAVITY STUDIES. 


Tom Ratio Absorption, per cent} Conventional Specific Gravity Bulk Im- 
A ub Pregnated 
Water Bitumen} Bulk D Bulk Apparent Craving 
Coarse Aggregate (with AC) 
Basalt, spongy............. 1 11.5 0.1 1.67 1.85 2.05 1.67 
Basalt, spongy............. 5 11.7 0.6 1.65 1.85 2.05 1.66 
ON 7 2.7 0.2 2.57 2.64 2.75 2.59 
rrr 14 0.7 0.1 2.88 2.90 2.94 2.89 
eS Or 17 4.8 0.8 2.36 2.47 2.66 2.40 
Gravel, basaltic............ 21 2.4 0.5 2.39 2.45 2.54 2.42 
Gravel, natural, several 
25 0.4 0.1 2.69 2.70 2.73 2.70 
Gravel, rhyolite............ 26 2.7 0.7 2.36 2.43 2.52 2.40 
Gravel, crushed, several 
30 3.0 0.9 2.69 2.77 2.92 2.75 
Gravel, natural, several 
30 2.0 0.6 2.63 2.68 2.78 2.67 
33 0.6 0.2 2.98 3.00 3.04 3.00 
Gravel, crushed, several 
35 2.0 0.7 2.55 2.60 2.68 2.59 
Gravel, crushed, several 
36 1.1 0.4 2.58 2.61 2.65 2.60 
Quartzitic gravel........... 38 1.3 0.5 2.55 2.58 2.63 2.58 
40 0.5 0.2 2.65 2.67 2.70 2.67 
43 0.7 0.3 2.56 2.58 2.61 2.58 
Limestone gravel........... 50 2.0 1.0 2.48 2.53 2.61 2.54 
Limestone, dense........... 50 0.2 0.1 2.71 2.72 2.73 2.72 
Limestone, dense........... 50 0.2 0.1 2.72 2.72 2.73 2.72 
Limestone, Florida......... 54 2.6 1.4 2.45 2.51 2.61 2.53 
Limestone, Florida......... 55 5.1 2.8 2.22 2.34 2.51 2.37 
Limestone, Florida......... 67 2.7 1.8 2.41 2.48 2.59 2.53 
Slag, Woodstock........... 72 3.2 2.3 2.30 2.38 2.49 2.44 
Slag, Birmingham.......... 75 3.6 2.7 2.26 2.34 2.46 2.40 
Slag, Youngstown.......... 78 2.7 2.1 2.31 2.37 2.47 2.43 
Slag, Birmingham.......... 88 4.0 3.5 2.16 2.24 2.36 2.33 
Slag, Birmingham.......... 92 3.6 3.3 2.12 2.20 2.30 2.28 
Vesicular (coral)........... 94 5.2 4.9 2.16 2.27 2.43 2.41 
Sree 96 1.8 1:7 2.36 2.40 2.46 2.46 
Vesicular (basaltic)......... 100 1.5 1.5 2.70 2.74 2.82 2.82 
Fine Aggregate (with AC) 
18 3.4 0.6 2.45 2.54 2.68 2.49 
Gravel, crushed rhyolite... . 24 2.1 0.5 2.41 2.46 2.53 2.44 
Gravel, several types....... 33 9.3 0.7 2.74 2.80 2.92 2.80 
Limestone, Florida......... 52 2.5 1.3 2.50 2.56 2.67 2.59 
Limestone, Florida......... 57 2.3 1.3 2.53 2.60 2.69 2.62 
Slag, Youngstown.......... 52 2.3 1.2 2.65 2.71 2.82 2.74 
Slag, Birmingham.......... 69 2.6 1.8 2.56 2.64 2.73 2.68 
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TABLE I.—Concluded. 


Ratio Absorption, per cent | Conventional Specific Gravity Bulk Im- 
bb pregnated — 
bw? Water | Bit Bulk Dry | Bulk a, - 
ate itumen ry Tavi » 
percent | “Giw) Gi) | | Saturated) | 
Coarse Aggregate (with Tar) 
Basalt, porous............. 20 3.9 0.8 2.54 2.64 2.82 2.58 
38 4.8 1.8 2.36 2.47 2.66 2.41 
Gravel, basaltic............ 38 2.4 0.9 2.39 2.45 2.54 2.43 
Gravel, rhyolite............ 41 2.7 2.36 2.43 2.52 2.40 
Gravel, several types....... 45 1.8 0.8 2.63 2.68 2.78 2.67 
Limestone gravel........... 60 2.0 | 1.2 | 2.48 | 2.88 | 2.61 2.55 : 
Limestone, Florida......... 67 2.8 1.9 2.45 2.51 2.61 2.52 ; 
Limestone, Florida......... 71 5.1 3.6 2.22 2.34 2.51 2.36 
Limestone, Florida......... 79 2.4 1.9 2.41 2.48 2.59 2.52 
Slag, Birmingham.......... 83 3.6 3.0 2.26 2.34 2.46 2.41 
Slag, Youngstown. ree 96 2.7 2.6 2.31 2.37 2.47 2.44 : 
Slag, Ashland.............. 106 1.8 1.9 2.36 2.40 2.46 2.46 


pores which are permeable to bitumen 
have been squeezed out and that the 
remainder of the particle has been sealed 
by a weightless and dimensionless mem- 
brane. (So-called ‘“water-permeable”’ 
pores range from being completely 
permeable to completely impermeable to 
a bitumen; hence V, = V, and 0). The 
term Vi; — represents a variable 
“net” volume, ranging numerically from 
the gross volume symbolized by V; to 
the net volume symbolized by V; — Vp. 
If the particle absorbs no bitumen, bulk 
impregnated specific gravity will be 
numerically equal to bulk specific grav- 
ity since Vi, the amount of bitumen 
absorbed, is zero, and, by definition, 


A 
SG, = Vv. If all the permeable voids 
t 


are filled with bitumen, bulk impreg- 
nated specific gravity will be numerically 
equal to apparent specific gravity, since 
V, will then be equal to V,, the volume 
of water absorbed by the material and, 


by definition, SG, = iv; If the 


permeable voids are partially filled, the 
bulk impregnated specific gravity will 


be somewhere between bulk and ap- 
parent specific gravity, the location de- 
pending upon the degree of absorption 
of bitumen. 


DISCUSSION OF PROCEDURE 
AND RESULTS 


The procedure developed in this in- 
vestigation, originally outlined in an 
unpublished report dated June 12, 1947, 
for determining bulk impregnated specific 
gravity for bituminous aggregate is predi- 
cated on the fact that porous aggregates 
absorb variable amounts of bitumen in 
bituminous mixtures, and that it is a 
form of gravity ranging between dry 
bulk and apparent specific gravities, its 
position in that range depending upon 
the relative amount of bitumen ab- 
sorbed. Figures 1 and 2 show photo- 
graphs of sections of aggregates typifying 
this absorption. Some fifty typical ag- 
gregates and combinations of aggregate 
were obtained from various sections of 
the country for this investigation; the 
results shown in Tables I and II are 
averages obtained with the use of the 
different bitumens used. The aggregates 
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Fic. 2.—Florida Limestone Impregnated with Asphalt Cement. 


Fic. 1.—Limestone Gravel Impregnated with Asphalt Cement. 
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are grouped in accordance with broad 
similarity of characteristics. As will be 
noted below there is also coincidence in 
this grouping from the standpoint of the 
ratio of absorption of bitumen to water. 
In developing the procedure, which is 
described in the Appendix, it was felt 
that soaking the aggregate in a bitumen 
bath at conventional temperature for a 
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adequately simulating prototype condi- 
tions. The procedure is applicable to 
coarse and fine aggregates and to blended 
aggregates including the mineral filler. 
However, it is not applicable to the 
mineral filler alone because of the prob- 
lem of entrapped air. The conventional 
apparent specific gravity is used for 
mineral filler per se. 


TABLE II.—CHARACTERISTICS OF BLENDED AGGREGATES INCLUDED IN THE 
SPECIFIC GRAVITY STUDIES. 


Ratio oe ~ ts per | Conventional Specific Gravity Bulk Im- 
Type of Aggregate ie 
Water | Bitumen | Bulk D tes Apparent 
percent | “Gw) Ga) | Saturated | 
Uncrushed chert gravel, sand 

and limestone dust......... 45 2.0 0.9 2.52 2.57 2.65 2.58 7 
Blend of slag (+ No. 4) and 

crushed limestone plus fine 

river bar sand and limestone : " 

50 1.8 0.3 2.50 2.54 2.60 2.55 
Crushed limestone, limestone 

screenings and natural sand.| 50 | 0.8 | 0.4 | 2.65 | 2.67 | 2.72 | 2.69 7 
Florida limestone. ........... 53 3.6 1.9 2.43 2.52 2.66 2.55 
Crushed gravel, sand and lime- 

56 2.5 | 1.4 | 2.47 | 2.53 | 2.65 2.57 
57 5.6 3.2 2.32 2.45 2.64 2.50 
rey 73 4.5 3.3 2.34 2.45 2.63 2.55 
Coral, Coopers Island, Ber- 

76 6.8 5.2 2.26 2.43 2.69 2.59 
Vesicular basalt.............. 86 1.5 1.3 2.86 2.91 3.00 2.98 
Florida limestone, limestone 

screenings and sand........ 2.59 2.36 : 
Crushed limestone, limestone 

screenings and natural sand. 2.73 2.69 
Crushed limestone, limestone 

screenings and natural sand. ‘ 2.72 2.68 


limited time would, from a practical 
standpoint, produce satisfactory specific 
gravity values. In order to get some idea 
of the effect of varying this soaking time, 
tests were made on companion aggre- 
gates soaked in hot asphalt for periods 
ranging from 5 min to 2 hr. Additional 
samples were soaked in hot asphalt for 
15 min and then stored for 7 days at 
room temperature. The very slight dif- 
ferences obtained, Table III, were not 
considered of sufficient magnitude to 
affect adversely the accelerated test in 


An inspection of the various groups of 
aggregates in Table I indicates that 
variation between kinds of specific 
gravity is a function of pore type and 
other aggregate characteristics, as well 
as of the amount of pore space in the 
aggregate. A comparison of the sand- 
stone coarse aggregate and the vesicular 
coral, for example, having substantially 
the same amount of water absorption, 
brings this out clearly. It will be noted 
that there is significant difference in 
ratio of bitumen absorption, up, to water 
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absorption, uw, and that the bulk im- 
pregnated specific gravity of the sand- 
stone approximates bulk specific gravity 


TABLE III—EFFECT OF SOAKING 
PERIOD IN ASPHALT CEMENT ON 
BULK IMPREGNATED SPECIFIC GRAV- 
TTY. 


Type of Coarse Aggregate nated. 
Gravity 
(SGbi) 
Aggregate Soaked at 280 F for 15 Min 
No. 6 Gravel, basaltic 2.42 
No. 14 Quartzitic gravel 2.58 
No. 16 Quartzite 2.58 
No. 17 Limestone gravel 2.54 
No. 18 Limestone, dense 2.72 
No. 22 Limestone, Florida 2.53 
No. 24 Slag, Birmingham 2.40 
No. 25 Slag, Youngstown 2.43 
No. 26 Slag, Birmingham 2.33 
No. 29 Slag, Ashland 2.46 
Aggregate Soaked at 280 F for 5 Min 
No. 6 Gravel, basaltic 2.43 
No. 16 Quartzite 2.56 
No. 18 Limestone, dense 25 
No. 22 Limestone, Florida 2.54 
No. 24 Slag, Birmingham 2.43 
Aggregate Soaked at 280 F for 2 Hr 
No. 6 Gravel, basaltic 2.43 
No. 16 Quartzite 2.59 
No. 22 Limestone, Florida 2.52 
No. 24 Slag, Birmingham 2.39 
No. 29 Slag, Ashland 2.47 
- Aggregate Soaked at 280F for 15 Min, in Air 
for 7 Days 
No. 6 Gravel, basaltic 2.43 
No. 14 Quartzitic gravel 2.59 
No. 16 Quartzite 2.59 
No. 17 Limestone, gravel 2.54 
No. 22 Limestone, Florida 2.53 
No. 25 Slag, Youngstown 2.44 
No. 26 Slag, Birmingham 2.34 
No. 29 Slag, Ashland 2.46 


_ whereas that of the coral is near ap- 


parent specific gravity. The porous 
basalt and Youngstown slag serve as 
another striking example. The same 


_ genera! relationships obtain with blended 


coarse and fine aggregates, as is brought 
out in Table II. Figure 3 is plotted from 
data shown in the tables in order to illus- 
trate this trend more clearly. The points 
are shaded for coarse, open for fine, and 
half-shaded for blended aggregate. The 
illustration shows at a glance the re- 
lationship of bulk impregnated specific 
gravity to the conventional specific 
gravities for a wide range of aggregate 
characteristics. The abscissa, of course, 
is an abstract concept used to complete 
the illustration. It will be noted that 
there is a substantially linear increase, 
percentagewise, in the specific gravity 
with increase in the ratio of bitumen to 
water absorption and that the numerical 
relationship between bulk impregnated 
and the conventional specific gravities 
progresses from equality with bulk when 
the ratio is zero, through bulk saturated 
surface-dry when the ratio is in the 25 
to 65 per cent zone, to equality with ap- 
parent when the ratio approaches 100 
per cent. It is also observable that broad 
classes of aggregates group in each of 
these ranges; for example, the slags and 
other vesicular rocks approach or are 
equal to apparent specific gravity. Like- 
wise, the calcareous and most of the 
siliceous and igneous rocks fall in a 
numerical range approximating bulk 
saturated surface-dry specific gravity, 
while the basalts and sandstone ap- 
proach or are equal to bulk specific 
gravity. In general, then, it might be 
said that bulk saturated surface-dry 
specific gravity is suitable for use with 
most of the coarse siliceous and calcare- 
ous aggregates and that apparent specific 
gravity is suitable for use with most of 
the coarse slags and other vesicular ag- 
gregates, while bulk specific gravity ap- 
pears suitable for use with certain ag- 
gregates such as some coarse basalts. 
However, there are a sufficient number 
of exceptions which, coupled with the 
changes in trend with increased fineness 
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Range in Percent Between Bulk and Apparent Specific Gravities 


Fic. 3.—Interrelationship Between Ratio of Bitumen to Water Absorption and Specific Gravity 


Range. 


of aggregate, makes such a generaliza- 
tion too uncertain for successful use. 

An example of how the different spe- 
cific gravities can affect a bituminous 
mixture is illustrated below: 


an optimum bitumen content based upon 
empiric minimum and maximum per- 
centages of voids. The lower limitation 
precludes overfilling of the voids in a 
pavement with bitumen and causing 


Absorption Specific Specific Specific Specific 
ew) “abot Gravity, | Gravity, | Gravity, | Gravity, 
SGb SGbs Ga SGbi 
ir h Slag +36 24 5.1 2.09 2. 2.34 2.29 
ir h Slag —% 21 2.7 2.38 2.45 2.55 2.52 
Limestone Screenings. ... 44 2.1 2.50 2.55 2.64 2.58 
ll 0.8 2.60 2.62 2.66 2.62 
Theoretical density.............. 136.2 139.6 144.5 142.1 
Voids—total mix, per cent........ -—0.3 5.5 3.9 
50 0.6 2.61 2.63 2.65 2.63 
Washed Granite Screenings........... 33 0.3 2.68 2.69 2.70 2.69 
Unwashed Granite Screenings........ 17 0.3 2.67 2.68 2.69 2.68 
Theoretical density.............. 150.2 150.9 151.6 150.9 
ee 145.7 145.7 145.7 145.7 
Voids—total mix, per cent........ 3.0 3.4 3.9 3.4 


A study of these data show that “ap- 
parent” results are obtained which are 
dependent upon the type of aggregate 
specific gravity used. It is considered 
good engineering practice to work for 
a compacted bituminous mixture having 


bleeding, rutting, and shoving; the higher 
limit guards against too lean a mix and 
helps insure impermeability of a pave- 
ment. But if the correct aggregate spe- 
cific gravity is not used, these percentages 
are misleading. At one extreme there is 
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a tendency for the mix to appear too 
rich; at the other the mix appears to be 
on the lean side and of relatively high 
permeability. Further, the theoretical 
per cent density could exceed 100 per 
cent if the proper numerical value for 
specific gravity is not used. A change of 
1 per cent in voids total mix requires an 
adjustment in the bitumen content of the 
order of 0.5 per cent. Data in the above 
tabulations show that for a group of 
porous aggregates there would be a con- 
siderable difference in the asphalt con- 
tent determined by the use of the various 
specific gravities, while with the low 
porosity aggregates the range will be 
slight. 

In the development of the Corps of 
Engineers’ procedures for the design of 
bituminous paving mixtures, test sec- 
tions were built which included mixtures 
at a range of bituminous contents. These 
were subjected to concentrated traffic of 
heavy wheel loads. The richer mixes 
“flushed,” as would be expected, and the 
leaner mixes remained stable. Records 
were maintained of the density that de- 
veloped under traffic. These data were 
used in a study to determine the proper 
specific gravity to use in computing void 
requirements. It was found that when 
bulk specific gravity was used, values of 
less than zero were obtained for per 
cent voids total mix of the rich mixes 


which is an impossibility. When ap- 
parent specific gravity was used, the 
per cent voids total mix of the rich mixes 
approached 1.5 to 2.0 per cent although 
on occasion lower values were recorded. 

The new procedure for determining 
the specific gravity of aggregates which 
is described in detail in the Appendix is 
being used by the Corps of Engineers, 
in conjunction with modified voids cri- 
teria, to design bituminous concrete 
pavements. 


CONCLUSIONS 


Within the limits of test performed 
upon the materials involved in this in- 
vestigation it is concluded that: 

1. No single conventional specific 
gravity is satisfactory for general use 
with all porous aggregates used in bi- 
tuminous mixtures. 

2. Bulk impregnated specific gravity 
is a function of the ratio of bitumen to 
water absorption, which varies widely 
but which follows a definite pattern with 
different types of aggregate. 

3. All of the forms of specific gravity 
discussed produce substantially the same 
end result with aggregates of low po- 
rosity. 

4. Bulk impregnated specific gravity 
is suitable for general use with all ag- 
gregates used in bituminous mixtures 
and is particularly suited for use with 
porous aggregates. 
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The procedure meets necessary require- 
ments for simplicity and reproducibility and 
is applicable to both coarse and fine aggre- 
gates and to blended aggregate including the 
mineral filler (but not to mineral filler by 


Apparatus: 


Equipment used in the test is listed below. 

(a) Large oven, thermostatically con- 
trolled, sensitive to 5 F in the approximate 
range of 225 to 325 F. 

(6) Balance of approximately 5000-gm 
capacity, sensitive to 0.1 gm suitably ar- 
ranged for weighing sample in air and sus- 
pended in water. 

(c) Pails of 1-gal capacity (syrup can with 
top rim removed to eliminate entrapped air 
is satisfactory) equipped with wire handle 
for suspending in water. 

(d) A suitable large container for immers- 
ing the 1-gal pail, and typical assembly for 
suspending the pail from the center of scale 
pan or balance. 

(e) Bake pans of size suitable for retaining 
approximately 1000 gm of aggregate. 

(f) One heavy sheet-metal strip about 1 in. 
wide for stirring contents of each pail. 


Samples: 


Samples are as follows: 

(a) Aggregate-——Prepare a representative 
sample of the aggregate (1000 gm of fine 
aggregate, 1500 gm of coarse aggregate, or 
1500 gm of blended aggregate). Care should 
be taken to insure that the sample repre- 
sents prototype grading. 

(b) Bitumen.—Obtain a representative 
sample of about 1 gal of the bitumen that 
is to be used for the paving mix. 


APPENDIX 


TEST PROCEDURE FOR DETERMINING BULK IMPREGNATED SPECIFIC 
GRAVITY 


Procedure: 


Specific gravity of aggregate is derived 
as follows: 

(a) Dry sample to constant weight at a 
temperature not less than 230 F nor greater 
than 290 F, cool to room temperature, and 
weigh to nearest 0.1 gm. 

(b) Heat asphalt to 280 + 5 F,’ and pour | 
sufficient amount into the 1-gal pail to fill 
it to about one third its depth. Insert the 
sheet-metal stirrer and allow bitumen to 
cool to 72 + 2 F (a minimum of 8 hr is 
usually required to accomplish this, and 
preferably it should be allowed to cool 
overnight). 

(c) Weigh pail plus bitumen and stirrer in 
air at any temperature and in water at 72 
+2F. 

(d) Place the pail of asphalt with stirrer 
and the sample of aggregate in oven at 280 
+ 5 Fj and leave both until temperatures 
are equalized (a minimum of 4 hr is usually 
required). 

(e) Remove aggregate and bitumen from 
oven and add aggregate to bitumen, stirring 
thoroughly as aggregate is gradually added 
to the hot bitumen; continue stirring until 
entrapped air has been removed. External 
vibration may be used to remove air when 
difficulty is encountered in removing air by 
stirring. During the cooling period, flame 
surface to remove air bubbles if such are 
present. Cool to 72 + 2 F (should cool over- 
night). 


7 These temperatures apply when an average 
penetration asphalt cement is used; when an- 
other type bitumen is used the temperature 
should be the same as that used under normal 
field conditions. 
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(f) Weigh pail plus stirrer plus aggregate 
plus bitumen in air at room temperature and 
in water at 72 + 2 F. 


Calculation: 


Bulk impregnated specific gravity (SGpi) 


Mr. C. A. CARPENTER! (by letter).— 
This paper is a timely and valuable con- 
tribution to the science of bituminous 
mixture design and control. The idea 
of determining the specific gravity of 
aggregates by immersion in the asphalt 
to be used as the binder for the mixture 
has been discussed for several years 
and various investigators have made 
preliminary tests but, as far as I know, 
this is the first report of an investigation 
in which emphasis has been placed on 
the important fact that the ralio of 
asphalt absorption to water absorption 
- was a systematic variable for different 
types and classes of aggregates. I think 
this important variable has been over- 
looked for the most part in the prelimi- 
nary studies to which reference is made. 

It is stated in the paper that corrobora- 
4 tive field tests have been made on pave- 
5 ment test sections and that the results 

are consistent with the relations shown 
_ in this paper. (However, it is also stated 

that the aggregates used in the field 
_ studies were relatively nonporous.) In 
_ this case, bulk specific gravity, apparent 
specific gravity, and effective or bitu- 
_men-impregnated specific gravity would 
all be essentially the same and correc- 
tion of design on the basis of aggregate 

- Porosity would not be necessary. Atten- 

tion is drawn to this fact not to detract 
in any way from the value of the paper 


A 
(D-— E) —-(B-C) 


1 Assistant Chief, Physical Research Branch, 
Bureau of Public Roads, Washington, D. C. 
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where: 

A = weight of oven-dry aggregate in 
grams, 

B= weight of pail plus stirrer plus bitumen 
in air, 

C= weight of pail plus stirrer plus bitumen 
in water, 

D = weight of pail plus stirrer plus bitumen 
plus aggregate in air, and 

E = weight of pail plus stirrer plus bitumen 
plus aggregate in water. 


but to call attention to the need for addi- 
tional field and laboratory correlation 
in the ranges of highly porous aggre- 
gates and aggregates of intermediate 
porosity where, as has long been known, 
the porosity of the aggregate does have 
to be taken into account in setting the 
bitumen content for a mixture. No data 
are presented for the field tests so far 
completed, and it is to be hoped that 
when data on concurrent field and lab- 
oratory studies on a specific group of 
aggregates having a wide range of 
porosities become available another re- 
port will be offered for publication by 
Mr. Ricketts, his associates, or others, 
to complete the picture. It should be 
pointed out that to provide a good cor- 
relation it is essential that the field per- 
formance and laboratory design data 
be obtained on the same aggregates. 
A very strong indication that a good 
field correlation can be so obtained is to 
be found in the reports of density studies 
on laboratory mixtures by J. Rogers 
Martin and Andrew H. Layman, Jr.’ 
and James M. Rice.* In the work of 
these authors, the bitumen-impregnated 
specific gravity of the aggregate was 


2 J. Rogers Martin and Andrew H. Layman, 
Jr., “Hot Mix Asphalt Design Studies,” Pub- 
lication No. 75, Oklahoma Engineering Sta- 
tion, March, 1950. 

3 James M. Rice, ‘““New Test Method for 
Direct Measurement of Maximum Density of 
Bituminous Mixtures,” The Crushed Stone 
Journal, Sept., 1953, p. 10. 
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determined by computation after first 
determining the corresponding specific 
gravity of the loose bituminous mixture 
directly from weights in air and in water. 

After making the necessary computa- 
tions from the data in these two reports, 
we have plotted the values ppi/uw versus 
Range, in Per cent, Between Bulk and 
Apparent Specific Gravity on Fig. 3 of 
the paper under discussion and find a 
similar distribution of points to that 
developed by Ricketts and associates. 
This appears to be significant since it 
indicates that aggregates coated with 
bitumen by normal mixing procedure 
exhibit variations in bitumen versus 
water absorption over a range similar 
to that exhibited by aggregate samples 
immersed in bitumen. It does not, how- 
ever, prove that any specific aggregate 
would show the same relative bitumen 
versus water absorption in the mixing 
process and the bitumen immersion 
procedure, and this is the factor that 
needs further study. 

If further correlation proves that, 
generally, immersion in bitumen pro- 
duces the same degree of bitumen ab- 
sorption as coating with bitumen in a 
mixing machine, the simple, straight- 
forward method described in this paper 
will be fully authenticated as a design 
tool. 

Mr. Joun C. Spracue (author’s 
closure).—The authors wish to thank 
Mr. Carpenter for his valued comments. 


= 
@ 


DISCUSSION ON AGGREGATES 


FOR BITUMINOUS MIXTURES 1257 
The work described in this paper was 
directed toward the design of high type 
pavement for traffic of very heavy 
planes, using high quality aggregates 
of variable porosities. The aggregates 
selected met the current specified re- 
quirements and are typical of those 
normally used in constructing airfield 
pavements for military use. Mr. Car- 
penter, of course, is quite right in stat- 
ing that the various specific gravities 
would all be essentially the same for 
relatively nonporous aggregates, as 
was pointed out in Conclusion 3 of the 
paper. 

The significance of the ratio of bitu- 
men to water absorption per se is that 
bulk impregnated specific gravity runs 
the numerical gamut of conventional 
specific gravities if we consider a wide 
enough field of aggregates. This demon- 
strates the inapplicability of conven- 
tional gravities for all aggregates used 
in bituminous mixtures. However, it is 
not necessary that the asphalt in the 
bulk impregnated test exactly simulate 
the degree of penetration that occurs 
in the actual pavement. The objective 
is to control the degree of bitumen 
penetration so that a specific gravity 
value is obtained which results in com- 
puted voids that are in agreement with 
limiting criteria for bituminous pave- 
ments established on the basis of actual 
pavement behavior. 
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A SIMPLE FRACTIONAL DISTILLATION TEST FOR CREOSOTE* 


By H. L. Srasse! 
be _+* 


SYNOPSIS 


“va A simple distillation test for determination of the true boiling charac- _ 
teristics of creosote oil is presented. The apparatus is a modification of that - 
used in the Standard Method of Test for Distillation of Creosote (D 246)?; | _ 
a round-bottom flask fitted to a 5-ball distillation column is used in place of 
the standard flask. 

Distillation data were obtained on creosotes of varying distillation char- 
acteristics using the standard test and the 5-ball column test. Comparison 
of these data with composition according to boiling points as obtained by 
careful fractionation indicates that at temperatures of 315 C and below re- 
sults by the 5-ball column method agree closely with data obtained by frac- 


American Wood-Preservers’ 
_ These standards are recognized nation- 
ally as the methods to be used in estab- 


The distillation characteristics of creo- 
sote oils are generally determined by the 
ASTM Standard Method of Test for 


Distillation of Creosote (D 246)? or by 


the similar standard method adopted by 
Assn. 


lishing specification requirements for 


- creosote and similar wood preservatives. 


In these standard procedures the 
sample is distilled from a short-neck 
flask, with the bulb of the thermometer 


close to the liquid level. When complex 


mixtures of wide boiling range, such as 
creosote oil, are subjected to distillation 
in a flask having practically no provision 
for rectification, as is the case in the 


_ standard method, the lower boiling con- 


*Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Research Chemist, Barrett Div., Allied 
Chemical and Dye Corp., Edgewater, N. J. 

2? Standard Method of Test for Distillation of 
Creosote (D 246-49), 1952 Book of ASTM 
Standards, Part 4, p. 902. 


tionation, whereas results by the standard test have little significance as an 
indication of true boiling characteristics. i? 
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stituents to a considerable extent are 
held back by the higher boiling compo- 
nents and as the temperature rises are 
subsequently distilled over with higher 
boiling materials. This was demonstrated 
some 20 years ago by comparative dis- 
tillation data obtained at the Forest 
Products Laboratory on a series of creo- 
sotes of varying boiling ranges, using the 
Hempel flask method and the standard 
method.® 

Since the presence of low-boiling con- 
stituents is not properly reflected in the 
results of the standard test, this method 
is of doubtful value in research on creo- 
sote oils as used in wood preservation, 
particularly when studying changes in 
composition due to weathering in service 
or when correlating effectiveness of a 
preservative with its composition accord- 
ing to boiling ranges. Fractional distil- 


“Extract from the Report of Committee 4 
on Preservatives,” Proceedings, Am. Wood-Pre- 
servers’ Assn., Vol., 28, pp. 38, 39, 47, 48, 65, 
and 66 (1932). 
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a ON DISTILLATION TEST FOR CREOSOTE 


lation, which would give the desired in- 
formation, requires a relatively large 
sample, rather elaborate apparatus, con- 
tinuous and careful control, and is time 
consuming; for these reasons, it is not 


200-210 mm 
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suitable for general use. The purpose of 
the work here reported was to develop 
a simple and rapid distillation test, pri- 
marily for use in research work on creo- 
sote oil, results of which would be in 
reasonably close agreement with those 
obtained by fractional distillation. 


SELECTION OF APPARATUS 


The selection of suitable apparatus 
was influenced by considerations of size, 
simplicity, and ease of operation. A 
round-bottom flask of the same capacity 


Fic. 1.—5-Ball Snyder Distillation Column and Flask. 


a 
(300 ml) used in ASTM Standar 

Method D 246 was selected so that sam- 
ples of approximately 100 ml could be 
distilled without excessive foaming. To 
keep the column holdup to a minimum 
the use of a short column of the Snyder 
(ball) or Vigreaux type was indicated. A 
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Fic. 2.—Distillation Shield and Cover. 
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Snyder column, 25 mm in outside diam- 
eter, was chosen because previous experi- 
ence in our laboratories had shown that a 
column of this type and diameter is ‘ef- 
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the same length was also made, as will be 
described later. Considering efficiency of 
fractionation, holdup in the column, and 
simplicity of operation, a 5-ball section of 
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Phenanthrene 
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Distillation Temperature, deg Cent (760 mm Mercury) 


A phthene 
260 
Methyl Naophthal 
7 
220 | Nophthalene 
= 
= ° 10 20 30 40 50 60 70 80 ‘. 


Distillate, per cent by weight 
Fic. 3.—Fractionation Curve of Oil No. 16: Medium-Residue Creosote as Used for Brush 


Treatment. 


ficient and suitable for the fractionation 
of creosote. In exploratory work Snyder 
columns with 10 balls and 5 balls were 
compared. A comparison of the 5-ball 
Snyder column and a Vigreaux column of 


Snyder column was decided upon, with 
semi-ball connections between column 
and flask, as shown in Fig. 1. The tubula- 
ture near the top of the column was of the 
same dimensions and was placed at the 


r 


same angle as the tubulature on the flask 
used in Method D 246. The height of the 
column to the tubulature was so selected 
initially that a shield of three stacked dis- 
tillation shields, of the type specified in 
the standard method, could be used. As 
the work progressed, a suitable shield, 
dimensions of which are shown in Fig. 2, 
was constructed. The remainder of the 
apparatus, such as burner, burner shield, 
wire gauzes, thermometer, condenser, 
receivers, etc., was the same as specified 
in the ASTM standard method. 


OPERATION 


A study of fractionation graphs of 
creosote oils derived from coke-oven tar, 
a typical example of which is presented 
in Fig. 3, showed that steep rises between 
“flats” or “near-flats” occur at tempera- 
tures below 210 C and between 220 and 
235 C, 250 and 275 C, and 300 and 330 
C. It seemed reasonable that a short 
fractionating column would effect a fair 
degree of separation at temperatures 
within the range of these steep rises. The 
following temperatures as observed on 
the thermometer, without correction for 
emergent stem, were investigated as 
limiting temperatures for distillation 
fractions: 200, 210, 230, 235, 270, 300, 
315, and 355 C. In other respects the 
distillations were carried out essentially 
as described in the ASTM standard 
method, except that the distillation rate 
was reduced from 80 to 100 drops per 
min to 35 to 45 drops per min. The 5-ball 
distillation test, as used in the work here 
reported, is presented in detail in the 
Appendix to this paper. 


MATERIALS 


For comparison of distillation test re- 
sults with fractionation data ten creosote 
oils derived from coke-oven tar and one 
_ coke-oven tar were used. Nine of these 
creosotes and the tar are the same ma- 
terials as have been used in a cooperative 
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investigation of creosote, and details of 
their source and preparation as well as 
their physical properties have been de- 
scribed.‘ Three of the oils, Nos. 1, 2, and 
3, were prepared directly from oils dis- 
tilled commercially from coke-oven tar 
and are so-called “straight-run” creosotes 
of low, medium, and high distillation 
residue, respectively. Oils Nos. 4, 5, and 
6 are medium-residue creosotes prepared 
from the same commercial oils, and typ- 
ify creosotes low in tar acids, low in 
naphthalene, and low in tar acids and 
naphthalene, respectively. Similarly, oil 
No. 7 represents a low-residue creosote 
low in tar acids and naphthalene; and 
oil No. 8, a high-residue creosote low 
in tar acids and naphthalene. Oil No. 
14 is a coke-oven tar, source of oils 
Nos. 1 to 8. Oil No. 10 is a low-residue 
English coke-oven tar creosote. Oil No. 
16, not used in the cooperative program, 
is a medium-residue creosote as used for 
brush treatment. The fractionation curve 
of this creosote is shown in Fig. 3. Frac- 
tionation curves of the other creosotes 
and of the coal tar were presented at a 
meeting of the American Wood-Preser- 
vers’ Assn.° as part of an investigation to 
determine true boiling characteristics and 
distribution -f major constituents of the 
oils use? _he cooperative project. 

Cc ~. 17 to 22 inclusive were used 
to compare distillation results, obtained 
by the standard and 5-ball column meth- 
ods, on creosote oils stripped of the 
normally occurring, lower-boiling con- 
stituents. These oils were prepared from 
creosotes derived from coke-oven tar by 
distilling off the naphthalene fraction 
through an 8-ball Snyder column to a 
vapor temperature of about 230 C. 

“Co-operative Creosote Tests,’ Proceedings, 
Am. Wood-Preservers’ Assn., Vol. 46, p. 68 
(1950). 

5H. L. Stasse, “Fractional Distillation of 
Creosote and Composition of Preservatives Used 
in the Cooperative Creosote Program,”’ Proceed- 


ings, Am. Wood-Preservers’ Assn., Vol. 50, p. 
13-37 (1954). 
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STILLATION TESTS BY THE STANDARD METHOD 
D. 


AND BY THE 5-BALL COLUMN METHO 


TABLE I.—COMPARISON BETWEEN FRACTIONAL DISTILLATION: AND DI 
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DISCUSSION OF RESULTS 


Experimental data by the 5-ball Snyder 
column distillation test on ten samples 
_ of coke-oven tar creosote and one sample 
of coke-oven tar are tabulated in Table 


_ [ together with corresponding distillation 


results by ASTM Standard Method D 
246 and fractionation data. Except for 


_ fractionation data, temperatures shown 


are observed temperatures, uncorrected 
‘for emergent stem and barometric pres- 
sure, as is common practice in creosoters’ 
distillation tests. When the temperatures 
refer to amounts of distillate by frac- 
tional distillation, they represent prop- 
erly corrected temperatures. It is evident 
from a study of these data that quantities 
distilling to temperatures of 210 and 235 
C, determined by the standard method, 
do not reflect the amounts actually dis- 
tilling to these temperatures as deter- 

mined by fractional distillation. At 270 

C, results by the standard method are 

still lower than the amounts actually 
distilling to this temperature as deter- 
_ mined by fractional distillation, in some 
cases materially so. At 315 C, agreement 

is generally better, but at 355C the 
‘pan of total distillate by the 
‘standard test is significantly higher than 
by fractionation. A comparison of re- 
“sults by the 5-ball column distillation 
test with fractionation data indicates 
good agreement at temperatures of 200, 


— 230, 270, and 300 C. The 5-ball column 


‘distillation generally yields slightly, but 
significantly, larger quantities of distil- 


late to 210, 235, and 315 C. This may be 


_ explained by the fact that the actual dis- 
tilling temperatures with 5-ball column 
corresponding to these observed tem- 
peratures are too close to the plateaus of 
naphthalene (218 C), the methyl naph- 
thalenes (240 to 245 C), and phenanthrene 
(340 C), respectively, to effect a satis- 
factory separation. Agreement at 355 C 
is poor, partly due to failure to apply the 
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emergent stem correction, which amounts 
to approximately 15 C at this tempera- 
ture. When the amount of distillate to 
355 C is compared with the amount dis- 
tilling to 370C by fractionation, the 
agreement is still unsatisfactory, prob- 
ably due to the chemical complexity of 
the high-boiling mixture. 


STRIPPED CREOSOTE OILS 


During weathering, in specimens of 
wood treated with creosote preservatives, 
the lower-boiling constituents of creosote 
gradually vaporize and oils recovered 
from exposed specimens may no longer 
contain the lower-boiling constituents 
originally present in the creosote. To 
determine differences in results obtained 
by the standard method and the 5-ball 
column method, a number of coke-oven 
tar creosotes from which the front end 
had been stripped were subjected to dis- 
tillation tests by the two procedures. 
Results of this work are tabulated in 
Table II. It is evident from these data 
that a much larger amount of lower-boil- 
ing distillate is shown by the 5-ball col- 
umn distillation test, as is the case in the 
series of tests for Table I. However, in 
the testing of the normal creosote oils, 
agreement between the two methods was 
fairly satisfactory at 270C, but with 
these stripped oils this temperature of 
agreement has now been raised to 315 C 
or higher. These results in particular 
stress the importance of using a fractional 
distillation test when characterizing creo- 
sote which has been subjected to simu- 
lated exposure or has been extracted 
from weathered specimens of treated 
wood or commercially treated timber. 


VIGREAUX COLUMN 


Since the Vigreaux type column is 
more readily available than the Snyder 
type, experiments on selected creosotes 
were carried out to determine whether 
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TABLE III—COMPARISON BETWEEN DISTILLATION TESTS BY THE 5-BALL 
COLUMN AND VIGREAUX COLUMN METHODS. 


Oil No. 1 | Oil No. 2 | Oil No. 3 | Oil No. 6 | Oil No. 8 | Oil No. 10 Oil No. 17 
a] 
Distillate to 200 C, per 
cent by weight... .. 1.8} 4.6) 2.0) 0.7) 2.1) 3.6) 1.4) 2.9) 2.2] 3.8) None 
Distillate to 210 C, per 
cent by weight..... 8.6)10.7| 5.5) 5.2) 2.8) 6.1] 4.2) 5.4) 2.7| 4.5) 3.9) 7.1) 0.4 | None 
Distillate to 230 C, per , 
cent by weight... . 1.8 3.3 
Distillate to 235 C, per 
cent by weight..... 38 . 7/41 ..8/33 2.1 3.8 
Distillate to 270 C, por 
cent by weight..... 47 .5|47 2/40. 2/38 . 2/24. 1/22. 9/26. 17.4 | 16.5 
Distillate to 300 C, per | 
cent by weight..... 56. 5/57 .0/46 32.3 | 33.2 
Distillate to 315 C, per 
cent by weight..... 32.9/34.5)42.3/43 41.2 | 38.2 
Distillate to 355 C, per 
cent by weight..... 70.1 | 66.6 


the use of the ball-column was justified. 
The Vigreaux column used was of the 
same length as the 5-ball column and 
20 mm in outside diameter. In other 
respects the apparatus and its operation 
were the same as used in the 5-ball col- 
umn test. Results of these experiments 
are shown in Table III. More distillate 
to temperatures of 200 and 230C is 


generally obtained by the 5-ball distilla- ; 


tion, and the values also are in closer 
agreement with fractionation data than 
results by the Vigreaux column distilla- 
tion test. In our opinion the difference in 
results at lower temperatures was suffi- 
cient to justify use of the Snyder column. 


SIZE OF SAMPLE 


Since it may be difficult at times to 
obtain 100 g of a sample for the distilla- 
tion test, for instance, when recovering 
oil from treated wood which has been in 
service for a long period of time, the 


effect on distillation test results of a 
moderate reduction in size of sample was 
determined for one creosote. The test 
data, tabulated below, indicate that re- 
sults are not significantly affected by a 
moderate reduction in weight of sample. 
Subsequent work has borne out this con- 
clusion. 


Per cent 
by Weight 
f 
73-g 100- 
Sample Senple 
Total distillate to 210 C........ 2.1 2.6 
Total distillate to 230 C........ 19.2 | 20.2 
Total distillate to 270 C........ 32.5 | 33.1 
Total distillate to 315 C........ 52.7 | 52.9 
Total distillate to 355 C........ 73.7 | 74.1 


REPRODUCIBILITY 


A thorough study of reproducibility 
of the 5-ball distillation test, which would 
require the cooperation of other labora- 
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tories on a series of tests designed for the 
purpose, has not been made. However, 
experience with the test procedure has 
shown that the reproducibility is of the 
same order as that of the standard 
method. To illustrate this, the follow- 
ing results were obtained by different 
operators on one sample of creosote: 


Per cent by 
Weight 
A B B 
Total distillate to 200 C....... 5.1) 4.2) 4.6 
Total distillate to 210C....... 10.2)11.1/10.7 
Total distillate to 230 C....... 40 .9/39.2/39.3 
Total distillate to 270 C....... 47 .0|47 .1|47.6 
Total distillate to 300 C....... 56 .6|57.1 
Total distillate to 315 C....... 62.2)61 -862.1 
Total distillate to 355 C....... 79.4 80.9)82.8 


CONCLUSION 


In conclusion it may be stated: 

1. Due to the fact that practically no 
rectification of distillate takes place in the 
standard. distillation method, custom- 


Applications of Test: 


1. This test is applicable to coal tars, creosote 
oils, carbolic oils, and other coal tar products, 
for the purpose of estimating the amounts of 
fractionated distillate to vapor temperatures of 
200, 230, 270, and 300 C. 


Apparatus: 


2. The apparatus shall comprise the fol- 
lowing: 

(a) Fractionating column, 5-ball, “Pyrex” 
brand glass, 25 mm outside diameter with 35/25 
inner semi-ball connection at lower end; shown 
in Fig. 1. 

(b) Distilling flasks, “Pyrex” brand glass, 
round bottom, with 35/25 outer semi-ball con- 
nection in short neck; 300-ml capacity. 

(c) Condenser tube, “Pyrex” brand glass, 
tapered, conforming to the following dimensions: 
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arily used for the control of creosote, 
the relative amounts of lower-boiling 
constituents are not reflected in this test 
as they are in a fractional distillation. 

2. The standard method is therefore 
not suitable for use in research studies of 
the composition of creosote according to 
boiling ranges or for determination of 
changes which take place on exposure and 
weathering in service. 

3. A 5-ball column distillation test, 
which is a modification of the standard 
method and is described in detail in the 
Appendix, is a rapid method for obtain- 
ing distillation data reasonably concor- 
dant with results obtained by fractional 
distillation. It is particularly suggested 
for use in research studies of creosote. 


Acknowledgment: 


The author gratefully acknowledges 
the valuable assistance of H. S. Rodgers 
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ratory, who carried out the major portion 
of the laboratory work. 


Outside diameter of small end 


12.5+1.5 mm 
Outside diameter of large end 

28.5 + 3.0 mm 
Length of tapered part..... 100 + 5 mm 


(d) Flask shield, a galvanized iron shield 
made of 22 gage galvanized iron lined with }-in. 
asbestos, riveted to the metal; provided with a 
cover comprising two pieces of }-in. “Transite” 
board; and fitted with transparent windows as 
shown in Fig. 2. 

(e) Gauze, two sheets of 20-mesh wire gauze 
made of No. 26 B and S gage “Nichrome” wire, 
and 125 to 150 mm in diameter or square. 

(f) Burner shield, a cylindrical metal shield 
approximately 100 mm high, 95 to 105 mm in 
diameter, and having a peephole 25 mm in di- 
ameter centered about 32 mm below the ring 


support. The top of the shield shall be flanged to. 
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permit its being suspended from the ring sup- 
port. 

(g) Receivers, containers having a nominal 
capacity of 50 to 125 ml and tared to the nearest 
0.05 g. 

(h) Thermometer, —2 to 400 C, ASTM high 
distillation. 

(i) Usual laboratory apparatus, as required. 


Assembly of Apparatus: 


3. Suspend the burner shield by its flange 
from the support ring, place the specified two 
sheets of wire gauze on the burner shield, and 
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of the flask, and the thermometer is vertical. 
Place the shield cover over the flask shield around 
the neck of the column. ia 


Preparation of the Sample: — 


4. (a) Thoroughly stir or otherwise mix the 
sample immediately before removing the portion 
for testing, warming if necessary to insure a 
complete mixture free from crystallized solids. 
Take care to avoid loss of volatile material. 

(6) If the sample contains more than 1.0 per 
cent of water a representative portion shall be 
dehydrated before distillation in accordance 


TABLE IV.—ADJUSTMENT OF DISTILLATION TEST TEMPERATURES FOR 
BAROMETRIC PRESSURE. 


Fractionation Temperatures for Various Barometric Pressure Ranges, deg Cent 


Barometric Pressure, 
mm of mercury 
786 to 795 172 202 212 
776 to 785 171 201 211 
766 to 775 171 201 211 
756 to 765 170 200 210 
Rs 746 to 755 170 199 209 
i 736 to 745 169 199 209 
726 to 735 168 198 208 
716 to 725 168 198 208 
706 to 715 167 197 207 
696 to 705 167 197 207 
686 to 695 166 196 206 
676 to 685 166 195 205 
666 to 675 165 195 205 
656 to 665 165 194 204 
646 to 655 164 194 204 
636 to 645 164 193 203 
626 to 635 163 193 202 
616 to 625 163 192 202 
606 to 615 162 191 201 
596 to 605 162 191 201 


232 237 272 302 317 357 
231 236 271 301 316 357 
231 236 271 301 316 356 
230 235 270 300 3165 355 
229 234 269 299 314 354 
229 234 269 299 314 354 
228 233 268 298 313 353 


228 233 267 297 312 352 es 


227 232 267 297 312 351 
226 231 266 296 311 351 
226 231 265 295 310 350 
225 230 265 295 309 349 
225 230 264 294 309 348 
224 229 264 293 308 348 
223 228 263 292 307 347 
223 228 262 292 307 346 
222 227 262 291 306 345 
221 226 261 290 305 345 
221 226 260 290 305 344 
220 225 260 289 304 343 


place the flask shield on the upper sheet of gauze. 
Insert the thermometer through a cork in the 
top of the 5-ball column so that the top of the 
thermometer bulb is level with the lowest point 
of juncture between the tubulature and the 
column, inside, and the stem is aligned on the 
axis of the column. Connect the 5-ball column 
to the distilling flask by means of a semi-ball 
clamp, using a heavy silicone grease to lubricate 
_ the semi-ball connections. Place the assembled 
column and flask in the flask shield with the 
bottom of the flask resting on the gauze, and 
connect the condenser tube to the tubulature of 
the column with a tight cork joint, having the 
_tubulature project 30 to 50 mm through the 
cork. Support the condenser tube in a position 


with ASTM Method of Test for Water in Cre- 
osote (D 370 


Procedure: 


5. (a) Weigh the distilling flask to the near- 
est 0.1 g and weigh 100.0 + 0.1 g of the sample 
into it. If insufficient material is available for a 
100 g charge, the test may be carried out with 
not less than 60 g weighed to the nearest 0.05 g. 
Assemble the apparatus as described in 3. 

(b) Apply heat to the flask by means of a 
Bunsen burner. When the condensate forms at 
the bottom of the column reduce the heat so that 
the ring of condensate continues to rise slowly 


6 1952 Book of ASTM Standards, Part 4, p. 
921. 
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at a uniform rate. Adjust the rate of distillation, 
and subsequently maintain that rate, so that 
from 35 to 45 drops per min fall from the end 
of the condenser. Warm the condenser tube 
whenever necessary to prevent accumulation of 
solid distillates in the tube. 

(c) Collect the distillate fractions in tared re- 
ceivers, changing receivers as the thermometer 
indicates the maximum temperature for each 
specified fraction. The following fractions shall 
be collected: 

Up to 170 C 
170 to 200 C 
200 to 230 C 
230 to 270 C 
270 to 300 C 
300 to 355 C 
Fractions at other temperatures, such as 170 to 
210 C, 210 to 230 C, 270 to 315 C, and 315 to 
355 C, are sometimes required. Do not correct 
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for emergent stem of the thermometer, but if 
the barometric pressure is not within the range 
756 to 765 mm of mercury adjust the tempera- 
ture according to Table IV. 

(d) When the maximum temperature of 355 C 
is indicated by the thermometer, immediately 
remove the flame and the flask-shield cover. 
Drain any oil remaining in the condenser tube 
into the receiver containing the last fraction. 
Weigh the receivers containing the distillate 
fractions to the nearest 0.05 g and record the 
weight of each fraction. Should any of the frac- 


tions contain water, determine the water volume 


and calculate the net weight of oil distillate, 
assuming that 1 ml of water weighs 1 g. 


Report: 


6. Report the results of the distillation test as 
percentages, to the nearest 0.1 per cent, based 
on the weight of water-free material. 


i 
: 


= 


STUDY AND DEVELOPMENT OF METHODS FOR DETERMINING IN- 
PLACE DENSITIES OF COHESIONLESS SOILS* 


SYNOPSIS 


The desirability of measuring in-place densities of cohesionless soils has been 
long recognized. Some methods for doing this have been in existence for a num- 
ber of years; yet, there appears to be no information generally available con- 
cerning the accuracy and reliability of any method. 

The present study was conducted under USN Bureau of Yards and Docks 
Contract NOy-73233, at the Engineering Research Center of the University of 
Southern California. The methods investigated included the following: plastic 
injection, wedge, tube, sand funnel, and rubber balloon. Ottawa 20-30 Sand? 
and graded Ottawa sand* were used as the testing media in the laboratory. 
Some field studies were also conducted on the beach at Point Mugu, Calif. 

For each method, a plot of control densities versus per cent deviation of test 
densities (from control densities) showed a straight-line relationship. It is con- 
cluded that certain methods are more reliable than others and that each 
method has a different straight-line relationship for each different sand. 

Each method investigated involved shearing action on the soil. This action 
had the usual effect of causing loose sands to contract and tight sands to ex- 
pand. Field studies produced limited evidence that: (1) test boxes filled by 
nature give reliable and accurate in-place density measurements; and (2) ap- 
parent cohesion of natural water contents reduces the volume changes caused 
by shearing action. 

At the moment we are far from having developed a method for measuring in- 
place densities of cohesionless soils with consistently high accuracy. This is es- 
pecially true for methods involving shearing action on the soil. 

Complete results of all tests by all methods are summarized in Table I. De- 
tails for a limited number of the test results are shown graphically in the various 


figures. 
_ There may exist in various unpub- 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Associate Professor of Civil Engineering, 
University of Southern California, Los Angeles, 
Calif. 

2?Standard: Method of Test for Tensile 
Strength of Hydraulic-Cement Mortars (C 190 — 
49), 1952 Book of ASTM Standards, Part 3, 
p. 167. 

3Standard Method of Test for Compressive 
Strength of Hydraulic-Cement Mortars (C 109 - 
52), 1952 Book of ASTM Standards, Part 3, 
p. 119. 
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lished files information about the ac- 
curacy of some methods used to measure 
in-place densities of cohesionless soils. 
Reference to some existing methods is 
made in various technical publications, 
but a fairly exhaustive literature survey 
revealed no published research data on 
in-place density measurements of cohe- 
sionless soils. 

In performing density tests, close ob- 
servation was maintained at all times in 
order to detect any possible errors, and 
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the results of all tests with known error 
in procedure were discarded. The results 
of tests without such known error were 
included even though in many instances 
the test values deviated considerably 
either from control values or from av- 
erage values of group tests. There ap- 
pears to be no tangible reason why 
deviations within groups of tests at a 
given density should have ranged so 
widely. 


ConTROL DENSITIES 


In order to perform multiple tests at 
a given density, a large heavily rein- 
forced marine plywood box was con- 
structed, with interior dimensions of 3 by 
3 ft in plan by 1 ft deep. The volume of 
the box was determined accurately by 
weighing it full of water at known tem- 
perature. 

After considerable experimentation, 

five different methods were discovered to 
reproduce five different densities fairly 
consistently within the test box and 
these have been adopted as the control 
densities. A brief discussion of these 
methods follows: 
_ Density, S—A U. S. No. 10 sieve 
(2.000-mm opening) was held in one 
hand about 19 in. above the top of the 
test box. Sand was poured through the 
sieve as it was slowly moved over the 
top of the test box. 

Density, F—A 5-gal capacity liquid 
fuel funnel was suspended from the ceil- 
ing over the center of the test box with 
the small orifice, 1.3125 in. in diameter, 
about 8 in. above the top of the test box. 
The funnel was kept filled with sand as 
it was swung forth and back across the 
box in parallel paths. 

Density, V.—The test box was first 
filled to overflowing by pouring sand into 
it from a gallon can. The stem of a con- 
crete vibrator was then inserted vertically 
until its tip reached the bottom of the 
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box, the insertions forming a grid pat- 
tern with spacings about 8 in. on centers. 
During the vibrating period additional 
sand was added in order to maintain the 
level of the sand above the top of the 
test box. 

Density, R—Sand was poured loosely 
into the test box in depth increments of 
3 in. Each increment was rodded with a 
s-in. steel rod in a grid pattern about 
2 in. on centers. 

Density, P.—The test box was filled by 
pouring sand loosely into it from a gallon 
can. 

In each case the box was filled to over- 
flowing and the excess sand was struck 
off with a heavy steel straightedge. The — 
relative density levels obtained are listed _ 
below in order of increasing densities for 
the two sands used in the laboratory: 

Ottawa 20-30 sand? P, F, R, V, S. 

Graded Ottawa sand: P, F, S, R, V. 

Weight Measurements.—The 9-cu ft 
test box and contents were weighed on a 
2000-lb capacity scale. It was possible to 
estimate the scale reading to a } lb. Sand — 
samples obtained during the testing 
procedures were weighed on a balance 
with a capacity of 20 kg and a sensitivity — 
of 1 g, or on a balance with a capacity of 
1600 g and a sensitivity of 0.1 g. 


Prastic INJECTION METHOD 


A brass syringe and two custom-made 
needles were employed to inject fluids — 
into the sand. The needles were 8.375 in. 
long with outside diameters of 0.187 in.‘ 
Each needle had a pointed tip, and holes | 
0.0465 in. in diameter were drilled | 
through the walls of the tube. One needle — 
had 96 holes uniformly distributed — 
around the tube over a distance of 6 in. 
along the tube. The other needles orig- 
inally had 4 holes near the tip end of the 
tube; additional holes were added from — 
time to time. The needles were attached - 


* Wall thickness: 0.040. 
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to the Syringe by means of a rubber tube 
(Fig. 1). 

Several different types of fluids were 
injected into the sand in the test box 
with completely unsatisfactory results. 
These fluids included liquid plaster-of- 
Paris, molten paraffin, a mixture of 
molten petrolatum and paraffin, hot 
asphalt, and carbowax dissolved in al- 
cohol. Liquid plastics requiring only 
catalytic agents to cause them to harden 
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Lupersol DDM. 10 ml 

From time to time additional holes 
were added to the original 4-hole needle 
until it had a maximum of 28 holes, 
Comparisons between this needle and the 
needle which originally had 96 holes in- 
dicated that the 28-hole needle was op- 
timum for ease of injection and for 
accuracy of results obtained. 

In order to determine the volume of 


Fic. 1.—Plastic Injection Method. Injecting Plastic in 9-cu ft Container. __ 
” Shown are a plastic-sand lump from a previous test and a tube with a plaster of Paris cap. 


"were more promising. A Laminac resin 
together with a catalyst consisting of 
methylethyl ketone peroxide and an ac- 
celerator consisting of cobalt naphthenate 
proved to be an excellent media for ob- 
taining solid balls of sand. Considerable 
experimentation with these materials dis- 
closed that the following quantities were 
suitable for use in either dry sand or wet 

sand with moisture contents up to nearly 

6 per cent: 

American Cyanamid Laminac Resin 

No. L-4128, 50 ml 
Cobalt naphthenate (6 per cent cobalt 
concentration), 0.3 ml 


4 


the plastic-sand lumps, they were 
weighed in water. To improve the 
boundary conditions of the lumps and 
prevent water from entering into interior 
voids, the lumps were first given a thin 
coating of paraffin by dipping them into 
liquid paraffin. Any needle holes ap- 
pearing at the surface of the lumps were 
plugged with paraffin. It was found un- 
necessary to correct either for the weight 
or volume of the paraffin coating. All 
lumps were of nearly the same volume; 
all paraffin coatings were thin and uni- 
form, resulting in constant errors rather 


Error. percent 
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Fic. 2.—Sectional Views of Plastic-Sand Lumps. 
Lumps 1 and 2: Ottawa 20-30 sand. Lumps 3 and 4: Graded Ottawa sand. Lumps 5 and 6: Point Mugu Beach sand. 
7 and 8: Santa Monica Beach sand. Lump 3 is unusual with its large pocket of plastic. 


4 © Average of 4 Tests in Ottawa 20-30 Sand 
3 Least Squares Line (Approx) 
- @2 
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Density Symbols ° ° 
= F | | S 
-4 
1.60 162 1.64 1.66 1.68 1.70 1.72 1.74 1.76 1.78 


Control Density, g per cu cm 
Fic. 3.—Plastic Injection Method. Test Density Error versus Control Density. 
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than differences in errors among the 
various lumps. Sectional views of some 
plastic sand lumps are shown in Fig. 2. 
Density Test Procedure.—A simplified 
statement of general test procedure is 
outlined for liquid plastic injections: 


1. The syringe is filled with the specified 
mixture of resin, cobalt, and DDM. 
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9. The lump is weighed in air. 

10. The lump is weighed in water at 
known temperature, in order to determine 
its volume. 

The measured density of sand is deter- 
mined by deducting the amount of plastic 
in the lump from the weight of the lump in 
air and dividing the result by the displaced 
volume of water corrected for temperature: 


Weight of lump in air (item 9) — Weight of Plastic (item 5 — item 2) 


2. The syringe, fluid, needle, clamp, rub- 
ber tube are weighed. 


ratus for 


3. The needle is inserted into the sand to 
full length and the tube clamp is removed. 

4. The fluid is injected slowly with con- 
stant pressure on the plunger of the syringe. 

5. The tube clamp is replaced, the needle 
withdrawn, and the injector and residual 
fluid weighed. 

6. The injector is cleaned in acetone be- 
fore residual fluid congeals; curing time of 
plastics in air is about 6 min. 

7. After the fluid congeals in the sand 
(allow 20 min for dry sand, and 1 hr for 
damp sand), plastic-sand lump is excavated. 

8. A No. 24-gage brass wire is attached 
to the lump and the lump is dipped into 
melted paraffin heated to about 10 C above 
congealing temperature. = 


Weight of lump in air (item 9) — Weight of lump in water (item 10) 


Test Results.—Results of laboratory 
plastic injection tests in Ottawa 20-30 


sand using the 28-hole needle are shown 
in Fig. 3. The per cent error is the differ- 
ence between a density obtained by a 
test measurement and the control den- 
sity, and this difference is divided by the 
control density and expressed as a per 
cent. A plus error indicates the density 
measured by a test method is greater 
than the control density, and a negative 
error indicates the density measured by 
a test method is less than the control 
density. Similar results were obtained 
with tests in graded Ottawa sand except 
that all errors were negative within the 
range of densities tested. The trend of 


nar cant 


pl 
le! 
2¢ 
cl 
st 
4 
4 


plotted values sloped downward from 
left to right as in the case of the Ottawa 
20-30 sand. These trends were con- 
cluded to be straight-line relationships as 
represented by least squares lines. 


WeEbDGE METHOD 


The wedge apparatus consisted of a 
supporting plate with guides attached, 
through which thin plates could be in- 
serted to meet and form a wedge. The 
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serted until it comes into contact with the 
first plate. 

4. The vertical end plates are inserted 
until they come into contact with the sloping _ 
rectangular plates. 

5. The sand is carefully excavated from 
the wedge and weighed. 


The chief difficulty with the wedge is 
that close contact between the vertical — 
and the sloping plates cannot be achieved — 
because of interference of the sand — 
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Cutting Edges: 


12 © Average of 2 Tests in Ottawa 20-30 Sand 
j=—= Least Squares Line (Approx) 
45 deg Inside Bevel 


dimensions of the triangular cross-section 
of the wedge were 5.312 in. in height by 
12.078 in. across the base. The wedge 
was 15.938 in. long and its volume was 
8380 cu cm. A view of the wedge appa- 
ratus is shown in Fig. 4. 

Density Test Procedure-——The proce- 
dure fora test with the wedge apparatus is 
as follows: 


1. The supporting plate is placed on 
leveled sand surface. 

2. One of the rectangular plates is in- 
serted until it extends beyond the apex of 
the wedge. 

3. The second rectangular plate is in- 


6 
Density Symbols 
5 
1.60 1.62 1.64 1.66 1.68 1.70 1.72 1.74 1.76 | all 


Control Density, g per cu cm 
Fic. 5.—Wedge Method. Test Density Error versus Control Density. 


particles. As a result some ro flows 
into the wedge cavity during 4 
of the wedge sand. The amount of this 
sand has to be estimated visually as a ; 
known source of error. 

Test Results—Tests were made — 
wedge plates having various bevels on 
the cutting edges. Double bevels of 45° 
deg (central angle of 90 deg) and single 
bevels of 45 deg were used. The rectangu- 
lar plates were 0.125 in. thick and the — 
triangular plates 0.094 in. thick. Results 
are shown in Fig. 5 for tests in Ottawa 
20-30 sand with a 45 deg inside bevel on > 
the cutting edges of the plates. For other — 
bevel arrangements on the cutting edges - 
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of the plates, the trends of error versus 
control densities roughly paralleled the 
one shown in Fig. 5. 

The same type of results were ob- 
tained with the wedge as were obtained 
with the plastic injections. 


Tuse METHOD 


_ The tube method of determining in- 
place densities of cohesionless soils con- 
sists of inserting into the soil a cylindrical 
tube with open ends, capping the ex- 
posed end, and then carefully inverting 
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tube, is placed on the surface of the sand 
inside the tube to prevent loss of free mois- 
ture from the plaster of Paris into the sand. 

3. Fluid plaster of Paris is poured uni- 
formly over the disk to about } in. thickness, 
but not projecting above the top of the tube. 

4. After the plaster of Paris hardens, the 
sand is carefully excavated from around the 
outside of the tube to a mark around the 
tube 1.5 in. from the bottom to prevent ex- 
posing the lower end of the tube inad- 
vertently. 

5. A slightly concave dish or pan is 
slipped beneath the lower end of the tube 


the tube with contents. Figure 1 illus- 
_ trates a tube inserted in sand and capped 
with plaster of Paris. All tubes were of 
seamless brass, ;’g in. in wall thickness, 
of both 3 in. and 5 in. in outside diameter 
= of different lengths and with dif- 
ferent cutting edges. 

Density Test Procedure.—Steps used in 
the procedure for determining densities 
by the tube method included: 


1. The tube is pressed into the sand at a 

uniform rate until the sand reaches a prede- 

termined mark on the tube, giving approxi- 

mately the same depth of penetration for a 
given tube each time. 

2. A thin flexible wax paper disk, of the 

_ same diameter as the inside diameter of the 


| 
‘ 
3 © Average of 4 Tests in Ottawa 20-30 Sand 
= —— Least Squares Line (Approx) 
8 2 Sample: 2.875 in. diam by 5.98 in. Long 
$ — Tube: 30 deg Outside Bevel 
—— 
° 
= Density Symbols 
160 162 164 1.66 168 1.70 1.72 1.74 1.76 1.78 1.80 


Control Density, g per cu cm 
Fic. 6.—Tube Method. Test Density Error versus Control Density. 


with an arcing movement, the tube and dish 
inverted together and the surplus sand struck 
off with a straightedge. 

6. The capped tube is weighed, first with 
sand, again without sand and again when 
filled with water at known temperature. 


Test Resulis—The types of cutting 
edges on the various tubes included 30- 
deg outside bevels, 30-deg inside bevels, 
30-deg double bevels, 45-deg inside 
bevel, 45-deg outside bevels, and a semi- 
circular edge. The lengths of samples 
obtained with the various tubes ranged 
from approximately 1.5 to 6.5 in. 

Results of tests in Ottawa 20-30 sand 
are presented in Fig. 6 as error in per 
cent versus control densities for the 
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smaller diameter tube with an average 
sample length of 5.98 in. Results for the 
other tubes in both sands were similar, 
but the position of the trend line in each 
case was different. sl 


SAND FUNNEL METHOD! 


_ Sand funnels have been used for a 
number of years in the determination of 


Fic. 7.—Left to Right: Small Sand Funnel on Supporting Plate with Tube, Large Sand Funnel 
on Supporting Plate, Tube with Supporting Plate Attached for Rubber Balloon Apparatus. 


soil densities, but there is no published 
information regarding the accuracy of 
their results. In order to obtain a reason- 
ably large size sample of sand for a 
density test a large sand funnel was de- 
signed (Fig. 7). The funnel had a lower 
cone with a maximum inside diameter of 
12 in., a minimum inside diameter of 
0.483 in., and a slope of 1.5 vertically to 
1 horizontally. The upper part of the 
apparatus consisted of an inverted cone 
with the same side slopes and minimum 


inside diameter as the lower cone. Its several cones thus formed gave a 
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maximum inside diameter at the top was 
8 in., where a cylinder 6 in. long was 
attached. The top end of the cylinder 
was open and a U.S. standard sieve just 
fit into the opening. A plate in the form 
of an annulus was used to support the 
funnel on the surface of the sand to be 
tested. 

Calibration Procedure-—To determine 


the volume of material excavated in a 
density test, the amount and density of 
sand from the funnel required to fill the 
excavated cavity must be known. In a 
density test, the annulus is set on a level 
surface of the soil and sand is excavated 
through the hole in the annulus. In co- 
hesionless material, this excavation will 
assume the shape of an inverted cone 
with its maximum diameter equal to 
that of the inside diameter of the annu- 
lus. The average of measurements of 
maxi- 
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mum diameter of 12.375 in. and a height 
of 3.10 in. A cone this size was con- 
structed of aluminum and the density of 
sand required to fill this cone from the 
sand funnel was determined as follows: 


1. The calibration cone is leveled on a 
table. 

2. The supporting annulus is centered 
over the inverted calibration cone. 

3. The funnel is centered over the sup- 
porting annulus with the valve closed. 

4. 19,500 g of Ottawa 20-30 sand is 
weighed out. 
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11. The surface of the sand is leveled on 
the calibration cone and the sand remaining 
in the cone is weighed, 


Calibration Results.—The average den- 
sity of the sand in the calibration cone 
was found to be 1.562 g per cu cm. The 
probable error of this value for 39 tests 
was calculated to be +0.05 X 1 per cent. 

Density Test Procedure—The pro- 
cedure for a density test is identical with 
that used for a calibration test with the 
exceptions of items 1, 2, and 11. The first 
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5. A U.S. No. 10 sieve is set over the top 
opening of the sand funnel. 

6. The upper cone and cylinder are filled 
with sand to a level above the surface of the 
screen in the sieve. 

7. The valve is opened to allow sand to 
fall into the calibration cone. 

8. The elevation of the sand above the 
screen is maintained to a maximum until the 
supply of sand is exhausted. 
9. Timing with a stop watch is begun im- 
mediately after the apparent downward mo- 
tion of the sand has stopped. Usually there 
will follow an apparent upward motion of 
the sand. At the end of 60 sec close the valve. 
(Shorter time intervals gave erratic results.) 
10. The sand remaining in the upper cone 
of the sand funnel is weighed. 


Control Density, g per cu cm 
Fic. 8.—Large Sand Funnel Method. Test Density Error versus Control Density. 


step is to place the supporting plate on a 
leveled sand surface and then carefully 
excavate and weigh the sand the density 
of which is to be tested. Next, the funnel 
is placed on the supporting plate and the 
above outlined procedure is continued. 
Item 11, of course, is omitted. 

A supporting plate made of glass was 
first used in order to observe the effect 
of excavating under the inner circumfer- 
ence of the plate. It was observed that 
even slight cavities under the plate 
adjacent to the inner circumference did 
not fill with sand from the funnel. 

The volume of the sand tested is de- 
termined by first deducting from the 
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weight of total sand originally weighed 
out from the funnel, the weight of sand 
remaining in the upper cone of the funnel 
plus the weight of sand in the annulus 
opening plus the weight of sand in the 
lower cone of the funnel. 


where 
volume of excavated cavity, 


Fy weight of sand weighed out 
for funnel, 

F, = weight of sand remaining in 
funnel, 


A+ C = weight of sand in annulus and 
in funnel cone above annulus, 
and 

¥ = density of sand in calibration 
cone. 

The items A and C constitute a constant 
determined in the calibration tests. The 
remaining weight of sand is the amount 
filling the excavated cavity, and its vol- 
ume is determined by dividing the weight 
by the density factor determined in the 
calibration tests. The density of the sand 
excavated from the cavity is determined 
by dividing its weight by the volume of 
the sand filling the cavity from the sand 
funnel. 

Test Results—Results of tests are 
shown in Fig. 8 as per cent error versus 
control density for tests in Ottawa 20-30 
sand. No tests were performed with this 
apparatus in graded Ottawa sand. 


LARGE SAND FUNNEL-TUBE METHOD 


The sand funnel-tube method is identi- 
cal with that of the sand funnel method 
except that a tube with a supporting 
annular plate attached was used with the 
funnel. The tube was 11.875 in. in inside 
diameter by 4 in. long with a 30-deg 
outside bevel on the cutting edge and a 
wall thickness of 0.077 in. On one end of 
the tube there was attached a supporting 
plate in the form of an annulus 19 in. in 
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outside diameter by 0.1293 in. thick. In 
Fig. 7 the sand funnelis shown restingon 
the supporting annulus. 
Calibration Procedure-—The calibra- 
tion procedure used for the sand funnel _ 
was also used with the sand funnel-tube 
except that the tube with attached annu- 
lus replaced the calibration cone and the 
separate supporting plate. A tight-fitting 
disk sealed the bottom of the tube during 
calibration tests. About 26,500 g of 
Ottawa 20-30 sand or 21,600 g of graded 
Ottawa sand were used per test. 
Calibration Resulis.—For 20 tests the 
average density factor of sand falling into 
the tube and the probable error of this 
value for each of the two sands was cal- 
culated to be: 


Density,| Probable 
Sand g per cu Error, 
cm per cent 
Ottawa 20-30 sand......... 1.582 |0.02 x 1 
Graded Ottawa sand....... 1.520 (0.04 K 1 


The volume of the tube within the 
annulus was determined by weighing the 
above-mentioned disk of the same thick- _ 
ness as the supporting annulus in airand _ 
again in water. 

Density Test Procedure——The pro- 
cedure for a density test is identical with — 
that of a calibration test except that the | 
tube is first inserted into the sand. Sand 
inside the tube is carefully excavated to _ 
a line drawn around the inside of the tube 
near the bottom. In this way approxi- 
mately the same volume of sand is — 
excavated each time. The surface of sand — 
in the tube is left as a horizontal plane 
after excavation is completed. 

Test Results.—Results of tests both in — 
Ottawa 20-30 sand and in graded Ottawa _ 
sand are presented in Fig. 9, as per cent 
error versus control density. This figure 
illustrates clearly the differences in error 
for the two sands. In each case, the same 
kind of sand was used in the funnel as 
was used in the test box. 


| 
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SMALL SAND FUNNEL-TUBE METHOD 


The small sand funnel-tube has a fun- 
-nel cone with maximum inside diameter 
; of 4.75 in. and a slope of 1 horizontally 

to 1.732 vertically. The small end of the 

. funnel had an opening of approximately 
J 0.5 in. A quart jar was attached to the 
- funnel. The tube used with the funnel 
_ was a 3-in. inside diameter seamless brass 

tube 1.652 in. long with a 30-deg outside 
_ bevel on the cutting edge. The wall thick- 
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annulus of the tube with a disk in place at 
the lower end of the tube. 

3. The valve is opened and left open for 
10 sec after the apparent downward motion 
of the sand has stopped. The apparent up- 
ward motion of the sand observed in the 
large sand funnel may also be observed here. 

4. The valve is closed and the apparatus 
and residual sand are removed and weighed. 

5. The sand is carefully leveled to the 
top of the supporting annulus on the tube 
with a straightedge. 

6. The sand in the tube is weighed. 


° Average of 4 Tests in Ottawa 20-30Sand 
+ Average of 4 Tests in Graded Ottawa Sand © 


Least Squares Line (Approx) a 
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1.56 1.58 1.60 1.62 1.64 1.66 


ness was 0.048 in. There was a 6-in. 
diam supporting plate 0.1435 in. thick 
attached to one end of the tube. The small 
sand funnel-tube apparatus is shown in 
Fig. 7. 

Calibration Procedure-—The calibra- 
_ tion procedure was similar to that for the 
large sand funnel-tube. Steps required 
_ for determination of the density factor 


_ This weight of sand nearly fills the jar and 
the same weight should be used each time. 
2: Tast funnel i is placed on the supporting 


1.68 1.70 1.72 1.76 1.78 


Control Density, g per cu cm 


Fic. 9.—Large Sand Funnel-Tube Method. Test Density Error versus Control Density. 


Calibration Results—The density fac- 
tor and the probable error of this value 
are shown below for each of the two sands 
tested. 


Density,| Probable 


Sand g per cu Error, 
cm per cent 
Ottawa 20-30 sand......... 1.631 (0.06 X 1 


Graded Ottawa sand.......| 1.542 0.10 


Density Test Procedure-—The proce- 
dure for a density test is the same as for 
that used with the large sand funnel- 
tube. The amount of sand used in the 
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1. The sand jar is filled with 1587 g of 
Ottawa 20-30 sand or graded Ottawa sand. 
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small funnel is the same as that required 
for a calibration test for the small sand 
funnel-tube. 

Test Results.—Results in both the 
Ottawa 20-30 sand and in the graded 
Ottawa sand are presented as per cent 
error versus control density in Fig. 10. 
The small sand funnel showed quite 


porting plate (Fig. 7). To determine the 
optimum size and volume of tube for 
best accuracy in volume determinations, 
experiments were made using glass tubes 
of various diameters and lengths. The 
tubes were closed at one end except for a 
pin hole through which air could escape 


when the balloon was expanded into the 
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a Control Density, g per cu cm 
Fc. 10.—Small Sand Funnel-Tube Method. Test Density Error versus{Control Density. 


large variations in per cent error in 
Ottawa 20-30 sand as compared to the 
other methods. Also the differences in 
positions of the least squares lines for 
the two sands were most pronounced for 
this method. 


RUBBER BALLOON - TUBE METHOD 


The rubber balloon -tube equipment 
consisted of a Rainhart rubber balloon 
apparatus and a tube attached to a sup- 


tube. These holes were plugged with wax 
in order to determine their true volume 
by filling them with water at known 
temperature. Two sizes of tubes that 
gave best results were 2.875-in. ID by 6 
in. long and 4.875-in. ID by 6 in. long. 
Both tubes were of seamless brass with a 
wall thickness of the #g-in. and with 30 
deg outside bevels, and each tube had a 
supporting plate 8 in. in diameter by 
0.126 in. thick. 


1.78 
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TABLE I.—COMPARISON 


Deviation Critical Average 
Method Band Width,| Density, | Sample, Density Equations* 
percent /g per cu cm |vol. cu cm 
Resvutts or Various Test Metuops wits Orrawa 20-30 Sanp 
3.0 1.678 140 = 1.507m — 0.837 
45-deg inside bevel®................ 2.1 8380 y = 1.207m — 0.490 
45-deg double bevel................ 1.2 8380 vy = 1.43 7m — 0.835 
45-deg outside bevel............... 2.9 1.633 8380 y = 2.007m — 1.631 
Tubes: 30-deg outside bevel 
5.3 1.658 155 = 2.807m — 2.983 
0.6 1.675 637 vy = 1.58 7m — 0.971 
3.0 1.678 1811 vy = 1.56 7m — 0.939 
Tubes: 30-deg double bevel 
1.3 1.675 472 = 2.507m — 2.512 
1.0 1.673 670 y = 1.88 7m — 1.472 
2.5 1.674 1908 = 1.74ym — 1.239 
Tubes- 30-deg inside bevel 
1.657 450 y = 4.00 7m — 4.965 
1.3 1.641 631 y = 3.00 7m — 3.277 
1.7 1.674 1992 y = 2.05%7m — 1.755 
Tubes: 45-deg inside bevel 
0.6 1.650 475 y = 3.847m — 4.682 
2.0 1.637 590 = 3.007m — 3.273 
1.0 1.685 1901 y = — 2.032 
Tubes: 45-deg outside bevel 
2.1 1.670 449 = 1.77 7m — 1.286 
1.9 1.680 1818 vy = 1.87 7m — 1.464 
Tubes: semicircular edge 
1.4 1.675 479 = 2.09 ym — 1.821 
0.5 1.665 650 y = 1.76 — 1.265 
Large sand funnel®................... 6.1 | 2126 vy = 1.13 7m — 0.259 
Large sand funnel-tube’.............. 3.7 | 1.736 | 6748 | y = 1.387m — 0.660 
‘Small sand 5.9 | | 158 = 1.257m — 0.620 
Rubber ballon-tube 
2.875-in. ID x 6-in tube*........... 3.3 554 y = 1.127m — 0.261 
i] 4.875-in. ID x 6-in. tube........... 2.9 1613 vy = 1.1llym — 0.253 


> Fig. 3. Ottawa 20-30 Sand. 
¢ Fig. 5. Ottawa 20-30 Sand. 
4 Fig. 6. Ottawa 20-30 Sand. — 
¢ Fig. 8. Ottawa 20-30 Sand. — 
/ Fig. 9. Both Sands. 

* Fig. 10. Both Sands. 
4 Fig. 11. Both Sands. 


“+, = density measured by test method. 
y = corrected density (or laboratory control density). 
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OF TEST METHODS. 


Deviation 
Band Width, 
per cent 


Critical 
Density, 
g per cu cm 


Average 
Sample, 
vol. cu cm 


Density Equations® 


Resvu.ts or Various Test MetTHops with Grapep Orrawa Sanp 


134 


= 1.167m — 0.200 
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3.5 1.604 8380 = 2.66-¥m — 2.661 
1.610 150 = 3.61¥m — 4.201 . 
0.9 1.618 411 = 1.77 ¥m — 1.245 = 
2.5 1.615 613 ¥ = 1.50¥m — 0.809 
1.6 1.635 1838 = 1.64m — 1.047 
$$ 
2.1 1.622 422 ¥ = 1.76 7m — 1.233 Tete 
3.2 1.622 613 = — 1.524 
0.8 1.642 1828 = 1.79 — 1.296 
‘ 
1.0 1.606 6748 = 1.87 ym — 1.396 
1.7 1.613 155 y = 2.08 Ym — 1.735 
1.9 559 y = 1.207m — 0.424 
3.4 1566 y = 1.22 — 0.451 
ng 


Density Test Procedure.—Before per- 
forming a density test, the rubber balloon 
was expanded into a 6-in. diameter by 4 
in. long glass tube to see if the balloon 
expanded satisfactorily. The procedure 
used for a density test is as follows: 


1. The assembled rubber balloon appara- 
tus is set on a flat surface and an initial 
volume reading is taken with the balloon 
drawn up inside the water chamber. It 
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This method gave slightly more con- 
sistent results with less variation in per 
cent error than other methods. 


COMPARISON OF LABORATORY RESULTS 
or Test METHODS 


In Table I are summarized the data 
relevant to a comparison of the various 
density-testing methods. All density-test- 
ing methods involved a shearing action 
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10 O Average of 4 Tests in Ottawa 20-30 Sand 
e Average of 4 Tests in Graded Ottawa Sand 
9 —= Least Squares Line (Approx) 
Sample: 2.875 in. diam by 5.5 in. Long 
ic Tube: 30 deg Inside Bevel 
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156 158 160 162 164 166 


168 170 1.72 1.74 1.76 1.78 


Control Density, g per cu cm 
Fic. 11.—Rubber Balloon-Tube Method. Test Density Error versus Control Density. 


should be made certain that all air is expelled 
from the balloon and that there are no 
folds in the balloon between the supporting 
surface and the apparatus. 

2. A tube is inserted into the sand until 
the lower surface of the supporting plate 
rests on the surface of the sand. Sand from 
the inside of the tube is removed with a 
scoop to a mark about } in. from the bottom 
of the tube. The sand is weighed. 

3. The rubber balloon apparatus is set 
on the supporting plate of the tube. The 
balloon is expanded into the tube and a read- 
ing for volume is taken. 


Test Results.—Test results for both of 
the Ottawa sands are presented in Fig. 
11 as per cent error versus control density. 


on the soil and had the usual effect of 
causing loose sands to contract and tight 
sands to expand. Without exception, the 
results for every method tested showed 
an algebraic decrease in per cent devia- 
tion versus increasing contro! densities. 
At the critical density there is no error 
in measurement; however for some den- 
sity-testing methods no critical density 
was observed within the range of densi- 
ties tested. 

All methods tested require the use of 
correction equations in order to adjust 
measured density values more closely 
toward true values. The correction equa- 
tions were concluded to express straight- 
line relationships between measured 
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density and control density or between 
per cent error and control density. Ap- 
proximate least squares lines obtained 
from plotting measured densities versus 
control densities were used to determine 
the equations. 

The magnitude of the adjustment of 
values by the equations is not necessarily 
a criterion of accuracy of a density-test- 
ing method. Rather, the width of the 
band of error of average measured values 
is the criterion of accuracy for a density- 
testing method. Individual test values at 
a given density are considered unreliable. 
A minimum of four tests at a given den- 
sity should be the basis for determining 
average values. Deviation among such 
average values is generally less than the 
deviation among individual values. With 
the exception of the wedge method, a 
minimum of four tests at a given control 
density were used to establish average 
values for a given test method. (The 
wedge was too large to permit more than 
two tests to be made at one time in the 
test box.) 

There appears to be no direct correla- 
tion between the ranges of error and the 
volume of samples obtained by the vari- 
ous methods, although the methods in- 
volving the smallest samples did not 
appear to give good results. In general, 
the ranges of error were less in the graded 
Ottawa sand than in the Ottawa 20-30 
sand. In view of the fact that most 
natural sand deposits are graded, results 
in the graded Ottawa sand may be the 
more important. In fairness it must be 
pointed out that fewer tests were per- 
formed in the graded Ottawa sand. The 
results rather conclusively show that the 
two sands are quite different with refer- 
ence to the position and slope of the least 
squares lines of per cent error versus con- 
trol density for a given test method. 

Of the density-testing methods investi- 
gated, one of the more feasible methods 
for field use appears to be the tube 
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method. A sample size ranging from 3 to 
4 in. in diameter by 5 to 6 in. long is 
recommended. Another method deemed 
feasible for field use is the rubber balloon- 
tube method with either a 3 or 5 in. 
diameter tube by 6 in. long. 

The wedge method is not recom- © 
mended because of definite interference 
between sand particles and plate inter- 
sections. The personal error would be too 
variable. The plastic injection method 
has a distinct advantage in that it can 
provide comparatively undisturbed sam- 
ples for grain relationship study. It also 
has possibilities for use in connection 
with determination of in-place densities 
of coarse aggregates such as highway or 
runway base courses. 

Large sand funnels or sand funnel- _ 
tubes are not feasible because of the 
large amounts of funnel sand required. 
The small sand funnel-tube gave excel- 
lent results in the graded Ottawa sand 
but rather poor results in the Ottawa 
20-30 sand. Because some methods ap- 
pear to be better in one type of sand than 
in another and because the number of 
tests in the graded Ottawa sand were 
more limited than the number in Ottawa 
20-30 sand, it is felt that additional test- 
ing in the graded sand should be per- 
formed before more definite conclusions 
can be drawn. It is believed that which- 
ever type of density-testing method may 
be employed, the equipment should first 
be calibrated in the laboratory for the 


type of sand to be tested in the field. ae 
F s 
IELD STUDIE 


To establish field density controls, oa 


boxes were installed on the beach at — 
Point Mugu, Calif., in the latter part of 
October, 1952. The boxes of 1 X 1 ft 
inside dimensions were made of marine 
plywood with a perforated metal bottom 
to permit drainage. Cavities were exca- 
vated in the beach above high water and 
the boxes were installed with their tops 
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flush with the adjacent surface of the 
beach. They were then allowed to fill 


with beach material by natural wind 


action. The boxes, spaced in two rows of 
three each, were 60 to 100 ft apart. 

The original purpose of installing the 
field boxes was to determine whether the 
density of the material in the boxes would 
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filled test box in the field just before it 
was tested. Plastic injection tests were 
performed inside some of the boxes, small 
sand funnel-tube tests were performed 
inside other boxes and all test methods 
were used in the area immediately sur- 
rounding the boxes. 

Of special interest were depth versus 


ial Photograph U. S. Navy 


Fic. 12.—Field Test Box Filled by Wind Action and Ready for Testing. 


be the same as the density of the material 
adjacent to the boxes. A secondary but 
perhaps more important function of the 
boxes that developed was to provide 
direct field control of densities for certain 
test methods, namely, the plastic injec- 
tion method and the small sand funnel- 
tube method. The boxes were not large 
enough to permit satisfactory testing 
inside of the boxes by the other methods. 

Figure 12 illustrates a completely 


density tests made with the small sand- 
funnel tubes inside the test boxes. Four 
tests were made on each 2-in. increment 
of depth. The numerical average of the 
24 tests inside the box at each location 
was very close to the numerical average 
of 24 similar tests made adjacent to the 
boxes, thus indicating that the density 
of the material in the box was a good 
measure of the density of the material 
surrounding the box. For the three loca- 
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tions, the data are tabulated as follows: 


Average Density Average Water 
from 24 Tests, Actual Content, 
g per cu cm Density per cent 
Loca- 
ten in Box, g 
. : per cu . - 
1 1.700 | 1.668 | 1.621 | 3.81 | 0.77 
2 1.740 | 1.737 1.662 | 2.64 | 1.08 
3 1.764 | 1.753 1.648 | 2.94 | 1.36 


If the data are plotted as depth versus 
density, there appears to be a decreasing 
density with depth to a depth of about 6 
to 8 in., then an increasing density. In 
each case, inside the box the water con- 
tent increased from nearly zero at the 
surface to a maximum of nearly 8 per 
cent for two of the boxes and to a maxi- 
mum of about 14 per cent for the third 
box. Adjacent to the boxes the water 
content increased from nearly zero at the 
surface to a maximum of about 2 per 
cent for all three locations. If the data 
measured inside of the box are plotted as 
per cent error versus water content, there 
appears to be a decreasing per cent error 
with an increasing water content. This 
indicates that with the small sand funnel- 
tube measured densities of sands with 
higher water contents are less than meas- 
ured densities of sands with lower water 
contents, at least within limits. But the 
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data are probably insufficient to be con- 
clusive and additional research is needed. 

If the four surface tests for each of the 
three boxes above-mentioned are aver- 
aged and the per cent deviation of these 
values from actual box densities are 
plotted as ordinates versus the actual oe 
densities as abscissas, there is an alge-— 
braically increasing error as the control 
density increases. This is just the oppo- 
site trend observed in the laboratory; 
however, the data are rather limited and — 
therefore inconclusive. Additional field 
research of this type is needed. 


CONCLUSIONS 


The factor of prime importance di- 
vulged by the field density measurements 
is that all methods apparently have their 
own adjustment equation for each dif- 
ferent type of sand. When the measured 
densities were adjusted by the density 
equations for the graded Ottawa sand 
and the Ottawa 20-30 sand, no reason- 
ably close density was found common to 
the various methods for Point Mugu 
Beach sand. Apparently therefore all 
density-testing methods involving shear- 
ing action must be calibrated under con- 
trolled conditions in order to determine 
the proper equation to use to adjust field 
measured values more closely toward 
true values. 
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A knowledge of the stress-deformation 
and strength characteristics of soils at 
very rapid rates of loading is required to 
determine the stability of earth struc- 
tures when subjected to transient loads 
imposed by explosions, earthquakes, or 
traffic. Previous investigations (1)* have 
shown that under transient loading con- 
ditions saturated clay may exhibit a 
strength as much as 100 per cent greater 
than its strength under normal rates of 
load application, and a limited number 
of tests have indicated a similar increase 
in strength of dry sand of about 15 per 
cent. Problems encountered in recent 
years involving the stability of earth 
fill dams during earthquakes and the 
stability of saturated subgrades under 
traffic loading have indicated the need 
for an extension of these earlier investi- 
gations to include a study of the effects 
of transient loading on the strength of 
saturated granular materials. 

The effects of rapid deformation on 
the strength of saturated cohesionless 
soils have been known qualitatively for 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Assistant Professor of Civil Engineering, 
Institute of Transporation and Traffic Engi- 
neering, University of California, Berkeley, 
Calif. 

? Partner, Woodward, Clyde and Associates, 
Consulting Engineers, Oakland, Calif. 

* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1306. 


INVESTIGATION OF THE EFFECT OF TRANSIENT LOADING ON 
THE STRENGTH AND DEFORMATION CHARACTERISTICS 
OF SATURATED SANDS* 


By H. B. Seep! anp R. LUNDGREN? 


many years (2). Deformation of a dense 
sand causes an increase in volume, 
termed dilatancy, and deformation of a 
loose sand causes a decrease in volume. 
Thus if a loose saturated sand is rapidly 
deformed, the grains tend to move into 
a more compact condition, and for this 
to occur, water must flow from the voids, 
If there is no time for drainage to occur, 
any load on the soil must be carried 
instantaneously by the pore water; 
hence, the pressure between the grains is 
considerably reduced, with a correspond- 
ing reduction in the shear strength of the 
soil. If the strength is reduced to zero, 
the sand is said to liquefy. 

On the other hand, when a dense satu- 
rated sand is deformed, the void ratio 
is increased, and if there is no time for 
seepage into the sand, the water can no 
longer fill the voids. As a result the pore 
water is put in tension (sometimes called 
a negative pore-water pressure), thereby 
increasing the pressure between grains 
and causing a temporary increase in 
strength. 

The void ratio at which a sand may be 
deformed without any change in volume 
occurring is called the critical void ratio. 
If there is no tendency for volume 
change, there is no tendency for water to 
enter or leave the sand; thus the strength 
should be the same whether drainage can 
occur or not. It should be possible, there- 
fore, to determine the critical void ratio 
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of a sand by determining the void ratio 
at which a saturated specimen has the 
same strength in both drained and un- 
drained compression tests. 

It follows from this brief discussion 
that the effect of transient loading on the 
strength of a saturated sand depends on 
the rate of deformation, the void ratio of 
the sand, and the rate at which drainage 
can occur. The purpose of the investiga- 
tion described in this paper was to check 
the validity of these concepts, to deter- 
mine the extent to which the strength of 
a saturated sand under transient loading 
may be increased by dilatancy effects, 
and to investigate any other effects of 
transient loading on the strength of 
saturated sands. 

The investigation was conducted by 
performing triaxial compression tests, 
of the drained and undrained types, on 
specimens of fine and coarse sand at 
different void ratios and at different 
rates of loading. Since the effects of 
transient loading were to be determined 
by comparison of the strengths of speci- 
mens under identical conditions except 
for rate of loading and rate of drainage, 
all tests were performed using a lateral 
pressure of 2 kg per sq cm. 

Experimental work by L. D. Leet (3) 
on the soil loading that would result 
from the explosion of 1000 lb of TNT 
indicates that in no case is the time re- 
quired to reach maximum pressure less 
than 0.01 sec, and at a distance of 63 
ft from the explosion, it was 0.025 sec. 
Furthermore, elastic waves caused by 
explosion of an atomic bomb had a period 
of 1 sec for the largest displacement, cor- 
responding to a time of loading (time 
to reach maximum load) of 0.25 sec. A 

truck, moving at the rate of 60 mph, cor- 
responds to a time of loading of the order 
of 0.01 sec at the point of contact, but 
the time of loading would be greater than 
this at points below the surface. On the 


basis of these data it was decided to in- 
vestigate the effect of time of loading 
between the range of 0.02 sec and about 
10 min. It was felt that this range in- 
cludes all anticipated rates of loading due 
to earthquakes, wheel loads, and explo- 
sions, except those very close to a large 
explosion. Thus tests were made using 


Fic. 1.—Triaxial Compression Cell. 


three rates of loading: 

1. Static tests—performed using a con- 
stant rate of load application so chosen 
that the time to reach maximum load is 
between 10 and 15 min. This type of 
loading is termed a “normal” rate of 
loading. 

2. Slow transient tests—performed us- 
ing a constant rate of deformation of 6 
in. per min; for the tests in this investiga- 
tion, this corresponds to a time of load- 
ing of about 4 sec. 

3. Rapid transient tests—performed 
using a constant rate of deformation of 
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about 40 in. per sec; for the tests in 
this investigation, this corresponds to a 
time of loading of about 0.02 sec. 


APPARATUS AND INSTRUMENTATION 
‘Triaxial Compression Cell: 


The triaxial compression cell used for 
the tests is shown in Fig. 1. Tests were 
performed on specimens 1.4 in. in diame- 
ter and approximately 4 in. high. The 
specimens were surrounded by a thin 
rubber membrane, which was securely 


_ bound to the cap and base; drainage lines 
from porous bronze plates in the cap and 
base to the lucite valve block enabled 

water to enter or leave the specimen. 

_ The specimen was immersed in water in 

- the 4-in. diameter lucite cylinder, and an 
air pressure of 2 kg per sq cm was applied 
to the water. Axial load was applied to 

_ the specimen through a piston in the top 

the cell. This }-in. diameter piston was 

- guided by two precision-grade Thomp- 

son Ball Bushings, and piston friction 

- was reduced to a minimum by using a 

loose fitting O-ring as a seal. With this 
arrangement, friction was so low that the 
_ piston would move downwards under its 
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Fic. 2.—Lucite Valve Block. 


own weight. There was a slight leakage 
of air around the seal, but the pressure 
was maintained constant by means of a 
pressure regulator. 

A lucite valve block, Fig. 2, mounted 
on the front of the cell and connected to 
the cap and base of the specimen with 
%-in. diameter saran tubing made it 
possible to saturate the specimen after it 
was formed and also to allow the speci- 
men to drain into a buret when desired. 
Drainage of water into or out of the buret 


during a static test was used to measure 
the change in volume of the specimen. 

The specimen was saturated by sub- 
jecting the entire drainage system to a 
vacuum for about 15 min and then allow- 
ing deaired distilled water to enter the 
system through the valve block, pass 
upwards through the specimen, and then 
flow back to the valve block, with the 
vacuum maintained throughout. 

A special cell, which had provisions 
for very rapid drainage, was used for the 
slow and rapid transient drained tests. 
This cell had a lucite base with a number 
of 4-in. diameter holes drilled through it 
to connect a very porous bronze seat for 
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Fic. 4.—Rapid Transient Test. 
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the specimen to a small reservoir at the 
base. The reservoir was connected by a 
3-in. diameter standard pipe and valve 
to a }-in. diameter standpipe. The perme- 
ability of this system was much greater 
than that of either of the sands used in 
the tests. 


Loading Equipment: 


For the static tests, the load was ap- 
plied to the piston of the triaxial cell 
through a loading yoke connected to a 
lever system having a mechanical ad- 
vantage of ten. A photograph of the 
loading system is shown in Fig. 3. The 
system is counterbalanced so that only 
the load applied to the hanger is trans- 
mitted to the specimen. 

For the slow transient tests, the load- 
ing apparatus consisted of a standard 
60,000-lb capacity Southwark-Tate-Em- 
ery testing machine having a platform 
with a rate of travel that could be 
varied from 0 to 6 in. per min. 

A Hatt-Turner impact testing ma- 
chine, Fig. 4, was used to apply loads in 
the rapid transient tests. This impact 
machine consists of a 50-lb weight which 
is allowed to fall in guides from any 
desired height onto the test specimen. 
For the tests in this investigation the 
weight was allowed to fall through a 


height of 4 in. before striking a spring 
_ on top of the loading piston. The weight 


then traveled 1 in. before its movement 
was arrested by wooden stops. At the 


_ time the weight struck the spring and 


piston, it was traveling at a rate of about 
120 in. per sec. The change in velocity 
of the weight after striking the loading 


_ piston was negligible, and test data in- 


dicates that this impact test produced a 
very nearly constant rate of deformation 
of the specimen. 


Load Gages for Transient Tests: 


For measuring the load on the speci- 
men in the transient tests, two load 


——— 


gages were used, one mounted on the 
piston of the triaxial cell and one placed 
below the triaxial cell, as shown in Fig. 4, 
The hollow tube pilon type of dynamom- 
eter was found suitable for this pur- 
pose. 

For measuring load at the upper end 
of the specimen, a piece of 1}-in. diame- 
eter thin-wall 24S-T aluminum tubing 
was machined to the desired size and 
shape. Eight 120-ohm SR-4 strain gages, 
four vertical and four horizontal, were 
glued onto this piece of tubing. All op- 
posing gages, vertical to vertical and 
horizontal to horizontal, were wired in 
series to form four pairs; then each one 
of these pairs was used as a leg to form a 
bridge. The gages were protected by 
black plastic tape wrapping. This pilon 
type dynamometer, designed to carry a 
maximum load of 750 lb, was accurate 
to the nearest 5 lb and had a natural 
frequency of vibration somewhere in the 
order of 10,000 cps. 

For measuring load at the bottom end 
of the specimen, sixteen gages were 
glued on a machined piece of 44-in. di- 
ameter thin-wall 24S-T aluminum tub- 
ing. The wiring for this pilon was the 
same as for the top pilon except that four 
gages 90 deg apart were wired in series, 
instead of only two opposing gages being 
wired in series. 

The change in resistance of the strain 
gages as load was applied during a test 
was amplified and measured by a Hatha- 
way Oscillograph. The calibration of 
resistance change with load for each 
dynamometer was established following 
each test. 
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Deformation Gage for Transient Tests: 


The deformation of the specimen in the 
transient tests was measured by an in- 
ductance type of deflection gage. This 
type of gage offers no vibration problems, 
has no measurable time-lag between the 
actual deformation of the specimen and 
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the recorded deformation even at high 
velocities, and is accurate to the nearest 
0.02 in. over a 1-in. range. 

A photograph of the gage is shown in 
Fig. 5. Two coils were wound on hollow 
lucite spools. One coil was a dummy and 
contained an adjustable iron core for the 
purpose of balancing the bridge circuit, 
though the core was stationary during a 
test. The other coil contained an iron 
core that was forced into or out of the 
center of the coil by a mechanical ar- 


Fic. 5.—Deformation Gage. 


rangement attached to the piston of the 
triaxial cell. This mechanical arrange- 
ment reduced the movement of the core 
so that a 1-in. deflection of the specimen 
would move the core only 0.1 in., thus 
keeping the output of the coil in a linear 
range and also reducing inertia effects 
in the deflection gage by reducing the 
velocity of mechanically moving parts. 
The movement of this iron core caused a 
change in impedance of the coil, and this 
change in impedance was amplified and 
measured on the Hathaway Oscillograph. 
The calibration of impedance change 
with deflection was established following 
each test. 


Amplification of Electrical Signal: 

A Hathaway Modulated Carrier Am- 
plifier, Model MRC 15c, was used to 
balance the Wheatstone bridge circuits 
of the load and deformation gages and 
also to amplify any changes in balance 
caused by deformation of these gages. 
An alternating 3500 cps carrier current 
is demodulated after the last stage of the 
amplifier, leaving a direct-current output 
that is proportional to the deformation 
of the gages. 


Recording Oscillograph: 


A Hathaway Oscillograph, Model 
-C, equipped with OA-2 galvanometers 
ving a natural frequency of 3500 cps, 
us used to record the electrical signals 
1 a moving strip of light-sensitized 
iper. The rate of movement of the sensi- 
zed paper was 1 in. per sec for the slow 
ansient tests, and 40 in. per sec for the 
pid transient tests. Timing lines were 
corded on the paper at 0.01-sec inter- 
ls. 


RESULTS OF TESTS ON FINE SAND 


The sand used in these tests was a fine 
grained sand with fairly smooth sub- 
rounded particles, from the Sacramento 
River, Calif. The sand had previously 
been washed for use in concrete and was 
therefore quite clean. Only the portion 
passing the No. 100 sieve was used in the 
investigations. The grain size distribution 
curve of the sand used is shown in Fig. 6. 


Static Tests: 


Typical stress-strain curves for static 
drained and static undrained tests on 
specimens of loose and dense fine sand 
are shown in Fig. 7. The change in cross- 
sectional area due to bulging of the speci- 
men during loading was taken into ac- 
count in the computation of the applied 
stress; the maximum deviator stress— 
that is, the maximum difference between 
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major and minor principal stresses ob- 
tained during a test—was considered to 
be the compressive strength of the 
sample. 
The volume changes occurring during 
deformation of the specimens of loose 
and dense fine sand in the static drained 
tests are also plotted in Fig. 7. Both loose 
and dense specimens first decrease and 


in strength in undrained tests must be 
attributed to the negative pore-water 
pressures that develop due to dilatancy 
effects during deformation of a dense 
sand when no drainage can occur. A 
strength increase due to dilatancy of 20 
per cent would be equivalent to a nega- 
tive pore-water pressure of 20 per cent 
of the applied lateral pressure. Since the 
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Fic. 8.—Compressive Strength and Volume Change versus Void Ratio for Static Tests (Sacra- 


mento River Sand). 


then increase in volume as deformation 
increases. 

The values of maximum deviator 
stress occurring in a number of drained 
and undrained tests on specimens of fine 
sand at various initial void ratios are 
plotted in Fig. 8. The changes in volume 
of the specimens at failure in the drained 
tests are also shown. It will be seen that 
for dense specimens at the same void 
ratio the strength in an undrained test 
is about 20 per cent greater than the 
strength in a drained test. This increase 


lateral pressure used was 2 kg per sq cm, 
the equivalent negative pore-water pres- 
sure would be 0.4 kg per sq cm. 

As the initial void ratio of the test 
specimen increases, the difference be- 
tween the strength in drained and un- 
drained tests decreases. For an initial 
void ratio of about 0.81, the same 
strength is developed whether the speci- 
men is tested in a drained or undrained 
condition; this void ratio should therefore 
correspond closely to the critical void 
ratio. From the volume change-at-failure 
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data in Fig. 8, the critical void ratio (that 
is, the initial void ratio at which there is 
no change in volume at failure) of the 
fine sand under a lateral pressure of 2 kg 
per sq cm is seen to be about 0.8. This is 
in good agreement with the value of 0.81 
determined by the initial void ratio for 
which the strengths in drained and un- 
drained tests are the same. 
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eter starts to record before either the 
bottom dynamometer or the strain gage. 
This premature indication of load was 
believed to be caused by the force re- 
quired to accelerate the piston and other 
moving parts of the test equipment from 
the stationary position to the final rate 
of deformation. To investigate the mag- 
nitude and rate of development of these _ 
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mento River Sand). 


Rapid Transient Tests: 


Load and deflection relationships oc- 
curring during rapid transient tests were 
recorded on oscillograms which were 
then used to plot load and deflection 
versus time curves. Typical oscillograms 
are shown in Fig. 9. The increases in 
load and deflection with time in test 
No. 55, as determined from the oscillo- 
gram in Fig. 9(a), are shown in Fig. 10. 

It may be seen that on the oscillograms 
in Figs. 9(a) and (5) the upper dynamom- 


acceleration forces, tests were performed 
with the equipment assembled exactly 
as for transient tests except that no speci- 
men was inserted below the piston. The 
only resistance to movement of the piston 
was the 2 kg per sq cm air pressure in the 
cell. An oscillogram obtained in such a 
test is shown in Fig. 9(c). It will be seen 
that.a load of about 50 Ib was recorded 
by the dynamometer when the deflec- 
tion was extremely small. Shortly there- 
after the deformation velocity became 
constant and the acceleration force de- 
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creased to zero. The acceleration force of 


load-time curve for the sample. It may 


50 lb was built up in about 0.003 sec and be seen that the corrected load-time 


then dropped off to zero in about the 


curve obtained in this way agrees very 
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same amount of time. In reducing the 
test results, the acceleration force-time 
curve was deducted from the load-time 
curve recorded by the top dynamometer, 
as shown in Fig. 10, to obtain the true 
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Fic. 11.—Stress versus Strain Curves (Sacramento River Sand). 
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closely with the load-time curve re- 
corded by the bottom dynamometer, 
which was not affected by acceleration 
forces. 

In making the correction for accelera- 
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tion forces described above, it was as- 
sumed that the acceleration forces de- 
veloped with a specimen in the triaxial 
cell would be the same as those developed 
with no specimen in the cell. That this 
assumption is justified is shown by the 
good agreement obtained between the 
load-time curves measured by the 
bottom dynamometer and the corrected 
load-time curves for the upper dyna- 
mometer (Fig. 10). 

Tt will be seen in Fig. 9(c) that the 
acceleration force decreases to zero in 
about 0.006 sec. In the tests, maximum 
load was reached in a period of time 
varying from 0.017 to 0.020 sec after 
the upper dynamometer started to re- 
cord. Thus, although acceleration forces 
may affect the initial part of the stress- 
strain curves, they will not affect re- 
corded values of the load required to 
cause failure. From the load and deflec- 
tion versus time curves, shown in Fig. 10, 
the stress versus strain relationships in 
the transient tests were determined. 

Typical stress-strain curves obtained 
in tests on specimens of fine sand at void 
ratios ranging from loose to dense are 
shown in Fig. 11(a). The values of maxi- 
mum deviator stress obtained in fast 
transient drained and undrained tests 
on specimens of fine sand at various void 
ratios are plotted in Fig. 12(a). It will 
be seen that the strengths obtained in 

the drained tests are essentially the same 
as those obtained in the undrained tests. 
This would seem to indicate that, al- 
though provisions are made for drainage 
to take place, in a drained test the rate 
_ of loading is so fast that there is no time 
for drainage to occur. Thus, in effect, a 
fast transient test with the drainage lines 
open is actually a fast transient un- 


ae drained test. 
Slow Transient Tests: 


Stress-strain relationships for slow 
transient drained and undrained tests 


were obtained by means of oscillograms 
in the same manner as for rapid transient 
tests. The maximum deviator stresses in 
drained and undrained tests for various 
void ratios are plotted in Fig. 12(5). It 
will be seen that the strength of a speci- 
men in an undrained test is somewhat 
greater than that of a specimen of equal 
void ratio in a drained test. However, the 
difference in drained and undrained 
strengths is not so great as was the case 
for static tests. 


EFFECT OF RATE OF LOADING ON 
COMPRESSIVE STRENGTH 


Since all rapid transient tests are un- 
drained, the effect of rate of loading (as 
distinct from dilatancy effects) in these 
tests can be determined only by com- 
parison of the results with the strength 
of samples in other undrained tests con- 
ducted at various rates of loading. In all 
undrained tests there will be a strength 
increase due to dilatancy, but this should 
be the same for all rates of loading. Thus 
any difference in the results may be 
attributed to the rate of loading. 

The strengths of specimens at various 
void ratios in static, slow transient, and 
rapid transient undrained tests, are com- 
pared in Fig. 12(c). Within the limits of 
experimental error the strengths in static 
and slow transient tests are the same for 
specimens of equal void ratios. However, 
the strengths of dense specimens in rapid 
transient tests are about 15 to 20 per cent 
greater than the strengths of similar 
specimens in static or slow transient 
tests. This strength increase of 15 to 20 
per cent in transient tests agrees well 
with the increase of 10 to 15 per cent re- 
ported by Casagrande and Shannon (1) 
for tests on dry sand. 

As the void ratio increases, the effect 
of rate of loading decreases, and at an 
initial void ratio of about 0.78, rate of 
loading has no appreciable effect. At void 
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ratios above this, the strength in rapid 
transient tests is lower than in static 
tests. The cause of this lower strength is 
discussed under the section on Liquefac- 
tion. 


EFFECTS OF DILATANCY AND RATE OF 
LOADING ON COMPRESSIVE 
STRENGTH 


A comparison of the strengths in rapid 
transient drained tests with those ob- 
tained in static and slow transient 
drained tests is shown in Fig. 12(d). 
It will be seen that the strengths in slow 
transient tests are somewhat greater 
than those of similar specimens in static 
tests. Since, as shown above, the rate of 
loading does not appear to affect the 
strength in slow transient tests, this 
difference must be attributed to different 
degrees of drainage. It would appear, 
therefore, that complete drainage does 
not have time to occur even in a slow 
transient test, and the resulting negative 
pore-water pressure causes the strength 
to be greater than that of a completely 
drained specimen. 

The strengths of dense specimens in 

| fast transient drained tests are consider- 
ably greater than the strengths in static 
drained tests (Fig. 12(d)). From the 
above discussion it will be seen that this 
strength increase in rapid transient tests 
is due to two causes: (1) the development 
of negative pore-water pressures due to 
dilatancy effects and to the fact that 
drainage does not occur, so that the test 
is really an undrained test, and (2) the 
strength increase due to the high rate of 
loading. A combination of these two ef- 
fects causes the strength of a dense speci- 
{ men in a rapid transient test to be about 
40 per cent greater than that of a similar 
specimen in a static drained test. How- 
ever, the magnitude of this strength 
increase decreases with increasing void 
ratio, and it should be remembered that 
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the strength increase of 40 per cent for 
dense specimens is true only for the test 
conditions used in this investigation— 
that is, for a lateral confining pressure of 
2 kg per sq cm. 
The separate effects of dilatancy com- 
bined with lack of drainage and of rate 
of loading on the strength of a saturated | 
sand under transient loading conditions _ 
are shown in Fig. 12(e). The effect of © 
dilatancy and lack of drainage is deter- __ 


specimens in static drained and static — 
undrained tests, and the effect of rate — 
of loading is determined by comparison 
of the strengths in static undrained and ~ 
rapid transient tests. Since static drained 
tests give results similar to those ob- 


this investigation is about 40 per cent — 
greater than the strength of a dry speci- 
men at the same void ratio in a static — 
test; of this increase in strength, about — 
20 per cent is due to the high rate of 
loading, and the remainder is due to the 
development of a negative pore-water 
pressure of about 0.4 kg persqcm. 

These results enable an estimate to be ~ 
made of the strength increase, over that 
obtained in static tests on dry specimens, 
in rapid transient tests conducted with 
different lateral pressures. For example, 
if a rapid transient test on a dense speci- 
men were conducted using a lateral pres- 
sure of 1 kg per sq cm, then assuming 
that dilatancy effects would again cause a 
negative pore-water pressure of 0.4 kg 
per sq cm, the strength increase due to 
this cause would be about 40 per cent. 
The strength increase due to the high 
rate of loading would be about 20 per 
cent. Hence the strength of a dense 
saturated specimen in a rapid transient 
test would be about 60 per cent greater 
than that of a dry specimen at the same 
void ratio in a static test. 
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luded that the rapid transient 


LIQUEFACTION 
It is known that rapid deformation 
or vibration of a loose saturated sand 
will cause liquefaction of the sand and a 
complete loss of shear strength for a 
short interval of time. This phenomenon 
is attributed to the increase in pore-water 
pressure as the water moves out of the 
voids. If the deformation is sufficiently 
slow that the water can drain without 
developing a high pore-water pressure, 
then there is no loss of strength. How- 
ever, if the rate of deformation exceeds 
the rate of drainage, pore-water pres- 
sures will develop and a loss of strength 
will result. 

In spite of the established fact that 
liquefaction of a loose saturated sand 
can occur, the difficulty of obtaining 
liquefaction in laboratory compression 
tests on loose saturated sands has been 
recognized for some time. Even in an 
undrained type of test, where presumably 
no drainage can occur, under normal 
rates of loading there is usually no indi- 
cation of any loss of shear strength during 
the test. This is probably due partly to 
the difficulty of preparing a specimen of 
sand for laboratory tests at a void ratio 
appreciably greater than the critical 
void ratio, with the result that the de- 
crease in void ratio during deformation 
is quite small, and partly to the difficulty 
of preventing drainage even in an un- 
drained type of test. Without elaborate 
precautions it is practically impossible 
to remove all the air from a sample and 
from the drainage system by means of 
which the sample is saturated; in addi- 
tion, the drainage system may expand 
somewhat if the pore-water pressure is 
increased, thus causing a relief of pres- 
sure. If the water can compress air or 
expand the system sufficiently instead 
of developing pore-water pressures, then 
liquefaction will not occur. 

The results obtained in rapid transient 
tests on loose saturated specimens of fine 
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sand show that the resistance of the 
specimen first increases as it is deformed 
but then decreases appreciably with fur- 
ther increase in deformation; subsequent 
deformations then cause another increase 
in resistance. This may be seen from the 
load - time curve in the oscillogram in 
Fig. 9(6) and from the stress versus strain 
relationship determined from this oscil- 
logram in Fig. 11(6). Also shown in Fig. 
11(0) is a stress versus strain curve for a 
static undrained test on a specimen of 
equal void ratio. It will be seen that the 
specimen under transient loading has 
the higher resistance for small strains but 
a lower resistance for large strains. Up 
to a strain of about 3.5 per cent, the 
specimen in the transient test shows a 
progressively increasing resistance to 
deformation, but with further increase 
in strain, resistance decreases. It is be- 
lieved that this loss of strength when the 
strain exceeds about 3.5 per cent is due 
to partial liquefaction of the sand. It 
appears, therefore, that in rapid transient 
tests on fine sand the rate of loading is so 
fast that, when a pore-water pressure 
develops, considerable deformation oc- 
curs before the pressure is completely 
relieved by drainage or by the increase 
in volume that occurs even in loose sand 
at high strains (see Fig. 7). It is interest- 
ing to note that a deformation of about 
3.5 per cent occurs before there is any 
loss of strength. For purposes of com- 
parison, the stress versus strain curves 
obtained in rapid transient and static 
undrained tests on dense specimens of 
sand at equal void ratios are also shown 
in Fig. 11(6). The fact that there is some 
evidence of liquefaction in rapid transient 
tests at void ratios which show no evi- 
dence of liquefaction in static tests would 
seem to indicate that the critical void 
ratio determined by static tests may be 
somewhat higher than that at which 
liquefaction will occur. 

The rapid transient tests demonstrate 
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that it is possible to produce some degree 
of liquefaction in the laboratory. If 
greater care were taken to remove all 
the air from the voids, and the drainage 
system were less expansive, it would 
probably be possible to cause liquefac- 
tion of the fine sand at a still lower void 
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bedded in soils, it is necessary to know 
the modulus of deformation of the soil. 
Modulus of deformation is defined as the 
ratio of stress to strain at a particular 
strain. 

Moduli of deformation at 1 and 2 per 
cent strains determined by rapid tran- 
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ratio than is indicated by these tests. A 
carefully conducted rapid transient test 
might provide a reliable means of de- 
termining the critical void ratio at which 
a sand will become susceptible to lique- 
faction. 


MopuLus OF DEFORMATION 


In computing the velocity of propaga- 
tion of stress waves through soils and the 
effects of vibrations on structures em- 


Void Ratio 
Fic. 13.—Modulus of Deformation versus Void Ratio (Sacramento River Sand). 
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sient and static undrained tests on the 
fine sand are shown in Fig. 13(a). The * 
results show that the modulus of def- 
ormation at 1 per cent strain is approxi- 
mately 30 per cent greater than the ‘ 
modulus at 2 per cent strain for both 
static and rapid transient tests. 

The moduli of deformation at both 1 | 
and 2 per cent strains determined by | 
rapid transient and static undrained 
tests at various void ratios are compared 
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__ Fic. 14.—Compressive Strength versus Void Ratio (Monterey Sand No. 5). 
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in Fig. 13(6). In both cases, at any given 
void ratio, the modulus of deformation 
determined by a rapid transient test is 
about 30 per cent greater than the modu- 
lus determined by a static test. 


RESULTS OF TESTS ON COARSE SAND 


A series of tests similar to those de- 
scribed above was performed on a coarse 
uniform sand from Monterey, Calif. 
The Monterey No. 5 sand consists of 
subrounded particles passing the No. 4 
sieve but retained on a No. 50 sieve. A 
grain size distribution curve is shown in 
Fig. 6. 

The test results are summarized in 
Fig. 14. The strengths of saturated sam- 
ples having various initial void ratios 
ranging from dense to loose in rapid 
transient drained and undrained tests 
are shown in Fig. 14(a). It will be seen 
that the strengths are for all practical 
purposes the same whether the test is of 
the drained or the undrained type. Thus 
it may be concluded that even for a 
coarse sand the rate of loading in a rapid 
transient test is so high that there is no 
time for drainage to occur and therefore 
all tests are actually undrained. 

The results of static, slow transient, 
and rapid transient undrained tests are 
compared in Fig. 14(6). The strength 
values in static and slow transient tests 
on specimens of equal void ratios are for 
all practical purposes the same, and 
therefore it would appear that the rate 
of loading in these tests has no influence 
on the results. However, the strengths in 
rapid transient tests on dense specimens 
are about 15 to 20 per cent greater than 
the strengths obtained in slow transient 
or static tests. The effect of the high 
rate of loading in rapid transient tests 
is thus very similar to the effect ob- 
served in tests on fine sand. 

The strengths of samples in drained 
tests using three different rates of load- 
ing are compared in Fig. 14(c). Here 
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again the strength values in slow tran- 
sient and static tests are the same; this 
was not the case in the tests on fine sand. 
Presumably for the coarse sand there is 
sufficient time, even in slow transient — 
tests, for complete drainage to occur, 
due to the high permeability of the ma- 
terial. Thus negative pore-water pres- 
sures do not develop as in the case of 
fine sand. In rapid transient tests, how- 
ever, no drainage occurs. Thus for dense 
specimens the results of these tests are 
considerably greater than for slow tran- 
sient or static tests; the combined effects 
of dilatancy and rate of loading result in a 
strength increase of about 40 per cent. 

The results of these tests are sum- 
marized in Fig. 14(d). A comparison of 
the strengths determined in static 
drained and static undrained tests again 
shows that for dense specimens the 
strength in an undrained test is about 20 
per cent higher than in a drained test, 
corresponding to the development of a 
negative pore-water pressure of about 
0.4 kg per sq cm. In addition, a fast 
transient rate of loading causes a further 
increase in strength of about 15 to 20 
per cent. 

There was no evidence of liquefaction © 
in any of the tests conducted on loose 7 
samples of coarse sand. 


CONCLUSIONS 


The main conclusions resulting from 
the tests performed in this investigation 
may be summarized as follows: . 

1. The strength of a dense saturated 
sand under transient loading conditions 
is greater than for normal rates of loading 
due to (1) the effects of dilatancy com- 
bined with lack of drainage and (2) the 
effects of the rate of deformation. 

2. In addition to any strength increase 
caused by dilatancy and lack of drainage, 
deformation of a dense sand at the rate 
of 40 in. per sec causes an increase in 
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strength of about 15 to 20 per cent over 
the strength for normal rates of loading; 
a rate of deformation of 6 in. per min has 
no measurable effect on the strength for 
normal rates of loading. 

3. Laboratory tests on dense, satu- 
rated specimens of coarse and fine sand 
using a confining pressure of 2 kg per sq 
cm show that if no drainage can occur 
dilatancy effects will cause the strength 
to be greater than the strength in the 
fully drained condition; the amount of 
this increase is equivalent to that result- 
ing from an increase of 0.4 kg per sq cm 
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4. The effects of rate of loading and 
dilatancy on the strength of a saturated 
sand decrease as the void ratio increases, 

5. A specimen of loose saturated fine 
sand may show a lower strength in a 
laboratory compression test with a very 
high rate of loading than in an undrained 
test with a normal rate of loading. 

6. For strains up to about 2 per cent, 
the modulus of deformation determined 
by a rapid transient test on a specimen 
of saturated fine sand is about 30 per 
cent greater than that determined by a 
static test on a similar specimen of equal 
void ratio. 
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EFFECT OF CRYSTALLINITY AND CRAZING, AGING, AND RESIDUAL — 
STRESS ON CREEP OF MONOCHLOROTRIFLUOROETHYLENE, 

CANVAS LAMINATE, AND POLYVINYL CHLORIDE, 

RESPECTIVELY* 


for about ten years. 


The effect of different degrees of crys- 
tallinity, residual stress, and aging on 
creep of materials has not received wide 
attention. The only work on these topics 
for plastics which has been reported, as 
far as is known, is a study of the effect 
of aging on creep of cellulose acetate (1)? 
and a creep test method for determining 
the cracking sensitivity of polyethylene 
polymers (2). 

Of course, most engineering materials 
are not available with a wide range in de- 
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SYNOPSIS 


Results of tension creep tests at 77 F and 50 per cent relative humidity are 
presented which show the effect of the following variables: (a) the degree of 
crystallization of monochlorotrifluoroethylene (Kel-F), (6) residual stresses 
remaining after fabrication of sheets of polyvinyl chloride (Geon 404), and 
(c) aging of grade-C canvas laminate at 77 F and 50 per cent relative humidity. 

The monochlorotrifluoroethylene was tested in the amorphous, fully crystal- 
line and intermediate (commercial) state. The effect of residual stresses was 
shown by tests of samples of polyvinyl chloride before and after an anneal at 
275 F which resulted in shrinkage of the material. The canvas laminate was 
tested in creep before and after aging at constant ie tengenee and humidity 


gree of crystallinity. Metals, for exam- 
ple, are largely crystalline and contain 
only minute but important regions of 
amorphous material at the grain boun- 
daries. Changes in structure with time 
are found in other engineering materials 
besides plastics at certain temperatures, 
such as steels at high temperatures. 
Residual stresses may be found in many 
applications of many materials. Usually 
residual stresses are relatively low in 
magnitude at temperatures where creep 
becomes significant in many engineering 
materials, such as _ high-temperature 
steels. 

The effect of residual stresses in plas- 
tics has often been observed. Means of 
reducing these stresses and the theory 
and measurement of residual stresses for 
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plastics have been considered by some 
investigators. Crazing of plastics has 
been the subject of several investigations. 
For linear polymers, crazing has been de- 
scribed as a mechanical separation of 
polymer chains or groups of chains under 
‘ the action of tensile stress, and starting 
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form of molding powder. The high 
density molding powder had a compres- 
sion ratio of 2 to 1. The sheets were com- 
pression molded under a pressure of 2500 
to 3000 psi and at a temperature of 480 
to 500 F. Immediately after pressing, a 
sheet was quenched in water to produce 
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Fic. 1.—Creep Curves for Monochlorotrifluoroethylene at Different Stresses and Three Dif- 
ferent Degrees of Crystallization—Temperature 77 F, Relative Humidity 50 per cent. 


in a region where the polymer chains are 
oriented at right angles to the tensile 
stress. References to these topics are 
given in a feature article in Applied 
Mechanics Reviews (3). 

Materials: 

Monochlorotrifluoroethylene of grade 
300 Kel-F was obtained in sheets of }-in. 
thickness from the M. W. Kellogg Co. 
This grade was unplasticized and repre- 
sents the highest molecular weight in the 


the amorphous sample. Another sample 
was cooled between platens which had 
cold water circulating through them to 
produce the material with intermediate 
crystallinity (commercial practice). The 
crystalline form was obtained after press- 
ing by dropping the temperature quickly 
by means of steam to 450 F, then cooling 
to room temperature in the press. It 
required 6 to 8 hr to cool. 

The grade-C canvas laminate em- 
ployed in these tests was the same from 
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which test specimens were obtained for 
previous tests (4). A detailed description 
of the material is given in reference (4). 
The polyvinyl chloride was obtained 
as a sheet of Geon 404 3%; in. thick from 
the Nixon Nitration Works. The formu- 
lation was designated VX-108 Natural 
and contained no plasticizer, 3.3 per cent 
dibutal-tin diborate as a stabilizer, and 
0.5 per cent stearic acid as a lubricant. 
The ingredients were mixed and blended 
at 280 F and calendered into sheets 0.02 
in. thick on rolls having a temperature 
of 300 F. About 28 of these sheets were 
laminated together in a hydraulic press 
to form the final sheet and remove most 
of the residual strain resulting from the 
calendering. The sheets were subjected 
to a pressure of 280 psi at 315 F for about 
30 min and then cooled rapidly in the 
press. 


= 


Specimens and Test Procedure: 


The specimens and procedure em- 
ployed for the creep tests were same as 
previously described (4) except that the 
specimens for creep tests of monochloro- 
trifluoroethylene and polyvinyl! chloride 
had 4-in. gage length and the specimens 
of monochlorotrifluoroethylene were the 
thickness of the sheet instead of 3% in. 
thick. 


Results and Interpretation: 


Figure 1 shows the results of the creep 
tests of monochlorotrifluoroethylene in 
three different degrees of crystallization. 
It was observed that the greatest creep 
occurred in the amorphous and the least 
in the crystalline. Both the time-inde- 
pendent (elastic) strains and creep strains 
were much larger in the amorphous. The 
total strain at a stress of 2700 psi after 
500 hr under a constant load was 3.3, 
2.8, and 1.5 per cent for the amorphous 
intermediate and crystalline, respec- 
tively. Recovery following creep of the 
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amorphous and intermediate samples is 
also shown in Fig. 1. 

Creep of the crystalline material is 
shown for four different stresses in Fig. 1. 
It was observed that creep at the stress 
of 3600 psi was much greater than would 
be expected from the creep of the crystal- 
line material at lower stresses. 

Examination of the specimens dis- 
closed that crazing occurred in the 
crystalline material at the stress of 3600 
psi. It was not known whether crazing 
occurred in the lower stresses. This sug- 
gests that the larger creep in the sample 
tested at 3600 psi was probably due to 
the combination of crazing plus creep. In 
order to determine at what stress crazing 
started in the crystalline material, a 
creep test was performed in which the 
stress was increased at invervals from 
1610 to 1910 to 2210 to 2510 psi. It was 
found that no crazing occurred until 
about 19 hr after the load was increased 
to 2210 psi. At this time the strain in- 
creased from 1.06 to 1.27 per cent. From 
this time on, a count was taken of the 
number of transverse crazing marks per 
inch. In 1 in. the number of marks in- 
creased in succeeding 24-hr periods from 
7 to 15 to 125 to 130. 

Crazing was not observed in the ma- 
terial of intermediate crystallinity, but 
slight crazing was observed on one side 
of the amorphous sample. Theory of 
crazing suggests that the greatest crazing 
should occur in the most crystalline ma- 
terial. Thus crazing of one side of the 
amorphous sample may indicate crystal- 
lization on one surface. 

Results of two creep tests of polyvinyl- 
chloride at 4000 psi are shown in Fig. 2, 
together with recovery following removal 
of load. One of these specimens was pre- 
pared from the sheet of material as re- 
ceived from the molder. The other 
specimen was prepared from the same 

sheet with the same orientation, after 
the sheet of material had been annealed 
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Fic. 2.—Creep Curves for Polyvinyl Chloride Before and After Annealing to Remove Residual 
Stresses—Temperature 77 F, Relative Humidity 50 per cent. 


Fic. 3.—Creep Curves for Grade C Canvas Laminate—Temperature 77 F, Relative Humidity 
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to remove residual stresses. The material 
was annealed by placing it on a glass 
plate and heating in an electric oven at 
275 F for 15 min and cooling slowly. 
Measurement of reference marks on the 
surface before and after the annealing 
indicated a shrinkage of 5.1 and 0.8 per 
cent lengthwise and crosswise, respec- 
tively, of the original sheet (and direction 
of the calendering). Greater shrinkage at 
the center of the sheet than at the surface 
was indicated by the concave appearance 
of the edges of the sheet. 

As shown in Fig. 2 the as-received 
sample showed more creep than the an- 
nealed sample, about 1.48 and 1.39 per 
cent creep, respectively. Apparently the 
tensile residual stresses locked in the 
sample made the material more suscepti- 
ble to the action producing creep. 

Creep tests at two different stresses are 
shown in Fig. 3 for a grade-C canvas 
laminate. The two tests shown at each 
stress were tested with an elapse of time 
of about 10 yr between tests. When tested 
in August, 1943, the laminate was about 
one month old. It has been stored at a 
constant temperature of 77 F and 50 per 
cent relative humidity continuously since 
that time except during machining of 
specimens. 

The results shown in Fig. 3 indicate 
that the creep resistance has improved 
with age. The creep at 500 hr was re- 
duced with age from 1.17 to 0.99 per cent 
at 5700 psi and 0.42 to 0.37 per cent at 
2850 psi. Some of the possible causes of 
the improvement in creep resistance with 
age are further polymerization or cross- 
linking of the resin and loss of moisture 
content or other volatile constituents. 


Conclusions: 


1. Creep of monochlorotrifluoroethyl- 
ene was markedly influenced by crystal- 
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linity. The most crystalline material was 
the most resistant to creep. 

2. Crazing of monochlorotrifluoroethy]- 
ene was found to result from creep. At 
the same stress the amorphous sample 
showed some crazing, intermediate sam- 
ples showed none, and the crystalline 
samples crazed. 

3. Creep produced crazing in the crys- 
talline monochlorotrifluoroethylene in 19 
hr at 2210 psi, and at 3600 psi consider- 
able crazing was present. 

4. When crazing occurred the creep 
strains were much larger than without 
crazing. 

5. Residual tensile stresses in poly- 
vinyl chloride resulted in greater creep. 

6. Aging of grade-C canvas laminate 
produced a substantial reduction in 
creep. 
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CREEP-TIME RELATIONS FOR NYLON IN TENSION, COMPRESSION, | 
BENDING, AND TORSION* 


By JosepH Martn,' A. C. WEBBER,? AND G. F. WEISSMANN?® 


SYNOPSIS 


This paper presents the results of an investigation dealing primarily with 
the creep deformation - time relations of nylon FM 10001 and nylon FM 3001 
under various types of stress. The stresses considered include tension, com- 
pression, pure bending, and pure torsion. For each of these stresses the 
influence of the stress magnitude upon the creep-time relations was investi- 
gated. 

To determine if the creep deformation -time relations for torsion and 
bending could be predicted on the basis of the tension and compression creep- 
time relations, theoretical relations for torsion and bending creep were de- 
veloped. These relations were based upon empirical equations defining creep 
deformation - time variations in tension and compression. A comparison of 
these theoretical creep-time relations for torsion and bending with the 
actual values showed good agreement between them. 

Special creep tests were also made to evaluate the extent of creep recovery 
resulting on the removal of stress. It was found that a large part of the total 
creep strain was recovered on load removal. A series of tests was also conducted 
to determine the influence of rest periods upon the creep-stress-time 
relations. A small amount of creep recovery was found to occur during over-— 
night rest periods between “‘cycling”’ tests. : 


In evaluating the suitability of mate- fracture and failure of the member. The 
rials such as plastics for various products designer must select a design or working 
and for structural and machine parts _ stress of such a value that the deforma- 
subjected to stresses, it is essential to tions are not excessive and that creep 
consider the creep deformations pro- fracture is not probable in the estimated 
duced. Creep deformations increase with _ life of the part. The data used for select- 
time and may become so large as to make __ing a design stress consist of a family of 
the member unserviceable, or they may creep deformation-time curves for 
become of such magnitudes as to produce various constant stress values. From 


these data it is possible to obtain an 
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are usually present in most products and 
constructions. For this reason the present 
investigation is concerned primarily with 
the determination of creep deformation - 
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retically predicted values for bending 
and torsion are then compared with the 
actual test results obtained for specimens 
subjected to these stresses. 


4 


Fic. 1.—Tension Creep Testing Machine. 


time relations for various kinds of stresses 
including tension, compression, bending, 
and torsion. The creep-time data ob- 
tained for tension and compression are 
used to obtain empirical stress-creep- 
time relations. With these relations as a 
basis, theories are developed for obtain- 
ing both stresses and deformations in 
pure bending and torsion. These theo- 


CREEP Test RESULTS 


The tests reported herein were made 
on nylons designated as FM 10001 and 
FM 3001. The specimens were molded 
and conditioned prior to testing. The 
creep tests for the nylon FM 10001 were 
made at a temperature of 77 + 2 F and 
a relative humidity of 50 + 2 per cent. 
For the nylon FM 3001 the temperature 
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(a) Bending creep machine. 


(b) Single bending 
Fic. 2.—Bending Creep Testing Apparatus. 
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see p. 1329. 


was maintained at 73 + 2F with 50+ 
2 per cent relative humidity. The creep 
testing equipment for the tension, bend- 
ing, and torsion creep tests is shown in 
Figs. 1, 2, and 3 and is described in 
reference (1).* Figure 4 shows a compres- 
sion fixture for obtaining compression 


“The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


Holes should beg aligned along centre line*0.0005" 
Tension Bending Specimens 


Torsion Specimen 
Compression Specimen 


2 
Fic. 5.—Dimensions of Specimens. 


(6) Single torsion creep unit. Fic. 4.—Compression Jig for Compression 
Fic. 3.—Torsion Creep Testing Apparatus. Creep Tests. 
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v8, Fic. 6.—Tension Creep Curves. 
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creep using the tension creep testing 
machine. The dimensions of the speci- 
mens used for the various creep tests are 


shown in Fig. 5. 


specimen, one on each side to eliminate 
the effect of any eccentricity. The tension 
and compression gages had a sensitivity 
of 5 X 10~ in. per in. and a range of 


0.024 T T T T a 
- / psi Se72425psi 
020 Se #2448 psi 
aos 
F—~ 
pe (2) Nylon FM 10001 
4 
/ 
0.010} 
Se 2/05! psi, 
== Se 7/098 psi 
Q.006 
Se*628 psi 
a004 == 
T T 
Se*763 psi psi 
0002 
i a024 
Sc 72570 psi 
/ (b) Nylon FM 300! 
Q016 +-+ 
/ 
7/8. 
7/870 psi Se 
| | 
2/570 psi 
ar | 
0.008) 7 Se#l200 psi 
S¢*610 psi. 
Repeat Tests 
400 500 600 700 800 900 1000 
Time, hr 


_ Fic. 7.—Compression Creep Curves. 


To determine the creep strains in the 
tension and compression creep tests, 
SR-4 electric strain gages, type A-3, were 
used. Two gages were bonded on each 


20,000 X 10~* in. per in. The bending 
creep strains were determined by means 
of A-12-4 type SR-4 strain gages ce- 
mented on the top and the bottom fibers 


Creep Deflection (2 in. Gage Length) 
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Creep Deflection (2 in. Gage Length) 


of the specimens. These gages have the 


same sensitivity and range as the A-3 gage length (equivalent to a strain of — 
type gages mentioned above. The creep 20 X 10~* in. per in.). Inaccuracies of the — 
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and 4 sensitivity of 0.05 deg per in. of ; 
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Fic. 8.—Bending Creep Curves. 


angle of twist was measured for a 4-in. 
gage length by a lightweight mechanical 
twist meter as described in reference (1). 
This twist meter has an unlimited range 


test equipment lead to errors of about _ 
+} percent in the stress, whereas varia- 

tions in the specimen dimensions pro- 
duce an error of about +1.5 per cent. It 
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Creep Angles of Twist (Degrees)(4in. Gage Length) 
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is also estimated that the SR-4 strain tained to determine the reproducibility 
gages tend to strengthen the gage section of the test results. 


120 
| 
100 
80 / Ss* 
70 35 *2250 psi 
(a) Nylon FM 1000! 
60 Ss =/800 psi 
psi 
Ss #900 psi 
/ 
20 == 
50 Ss 7/800 psi oT 
40 (a Ss *1500psi 
p= Sig pal (b) Nylon FM 3001 
Ss 2/200 psi 
psi Ss =900 ps af 
psi 
Ss =600 psi 
. | 
=500psi 
T 
| —-+—Repeat Tests 
200 300 400 500 600 700 B00 900 ~ 1000 
Time, hr 
Fic. 9.—Torsion Creep Curves. 
so the actual stress is about 3 per cent ANALysIS OF TEST RESULTS 
lower than the nominal stress. Deforma- Interpretation of Tension and Compression 
tion-time plots are shown in Figs. 6, 7, Creep-Time Relations: 
8, and 9 for tension, compression, bend- The creep-time relations shown in 


ing, and torsion, respectively. The repeat _ Figs. 6 to 9 indicate that, after the initial 
test results shown in the figures were ob- creep, the creep rate (or slope of the 
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CREEP-TIME RELATIONS FOR 
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Time t 


Fic. 10.—Assumed Creep-Time Relation. 


curve) remains essentially constant and 
may be assumed to be constant for all 
practical purposes. 

To obtain an empirical equation relat- 
ing the creep deformation, stress, and 
time, various methods of interpretations 
have been employed (3). In this study it 
was found that for long periods of time a 
creep-time curve OAB (Fig. 10) could 
be replaced by two straight lines OD and 
DB so that the creep strain is made up of 
the intercept strain OD and the time de- 


0.020 0.040 
BE y || | 
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002 0004 7 
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Fic. 11.—Log-Log Maximum Transient Creep Strain-Stress Relations. 
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Fic. 12.—Log-Log Creep Rate Stress Relations. 
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TABLE I.—CREEP CONSTANTS FOR NYLON FM 10001 AND FM 3001. 
= + + = + KS" + BSY 


Stress B n Ez 
Nylon FM 10001...... Tension 1.37 X 10-* |1.16| 3.41 x 10 [0.75] 2.48 x 105 
Compression | 0.12 X 10 |1.48| 2.91 X 10-* |0.79| 2.53 X 105 
Average 0.45 X |1.31| 3.15 |0.77| 2.50 x 108 
Nylon FM 3001....... Tension 8.29 X 10° |/1.56) 5.61 X 107 |1.02| 2.74 x 105 
Compression | 10.69 X 10-* |1.47| 1.77 X 107 |1.20) 3.28 x 108 
Average 9.63 X 107* |1.52| 3.15 x |1.11| 3.01 x 108 


pendent strain e,” = Ct where C is the 
creep rate and / is the time. The intercept 
strain OD is considered to be composed of 
the elastic strain and the maximum value 
of the transient creep strain (assumed to 
be developed instantaneously). Then the 
total strain is: 


c= + + (1) 
where: 
Ge = the elastic strain, 
(€,’)max = the transient creep strain, and 
e = the time dependent strain 


= Ci. 
It was also found that the strain 
(€p")max and creep rate C can be expressed 
approximately in terms of the stress by: 


= KS* 


where K, B, a, and m are experimental 
constants and 5S is the stress in tension or 
compression. 

By taking the logarithm of both sides 
of Eqs 2 and 3, it is seen that these rela- 
tions can be represented by straight lines 
on log-log plots. Figures 11 and 12 show 
the tension and compression test values 
for both the maximum transient creep 
strains and the creep rates. Straight lines 
representing these data, obtained by the 
method of least squares, are also shown 
in Figs. 11 and 12 for both tension and 
compression test results. The constants 


K, a, B, and n of Eqs 2 and 3 based on 
the foregoing straight lines are given in 
Table I. A comparison between the 
straight lines and test data in Figs. 11 
and 12 shows that the experimental 
values of the maximum transient creep 
strains and creep rates are in good agree- 
ment with the values predicted by the 
average straight lines shown. In other 
words, the total strain, e, for either ten- 
sion or compression can be determined 
by using Hooke’s law and by placing 
values of (€,’)max and C from Eqs 2 and 


3 into Eq 1, or: 


Ss 
tas + BS"t 


For a time ¢ and stress S the value e 
from Eq 4 gives the resultant unit strain. 


Interpretation of Bending Creep-Time 
Relations: 


The creep test results in Figs. 11 and 
12 indicate that for the material tested 
the tension and compression creep be- 
havior are approximately the same. It 
will therefore be assumed that for the 
tension and compression fibers in pure 
bending the maximum transient creep 
strain - stress relation is defined by the 
average straight line shown in Fig. 11, 
representing the average of the tension 
and compression relations. Similarly the 
minimum creep rate-stress relation is 


ay 
Bre 3 
4 
¥ 
4 
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and 


Creep Deftection, (2 in.Gage Length) 
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Fic. 13.—Comparison of Theoretical and Actual Creep Deflections in Bending. 


TABLE II—COMPARISON OF THEORETICAL AND ACTUAL BENDING CREEP 
DEFLECTIONS AT 1000 HR. 


Bending Elastic Creep omen “ag at 1000 hr, 
Specimen Momen' Stress, 
Mp, in. Ib psi Experimental | Theoretical — 
Nylon FM 10001..... No. 1 3.34 300 0.0052 0.0054 —4 A 
No. 2 5.06 450 0.0094 0.0084 —-11 
No. 3 9.57 900 0.0177 0.0172 -3 
No. 4 15.20 1350 0.0300 0.0276 -8 
No. 5 19.28 1800 0.0390 0.0364 -—7 


0040 
ttt 
‘4°. 
= 
*900 psi (a) Nylon FM 1001 
ame 
2 
| | No. 4 | 19.23 | 1800 | 0.0312 | 0.0306 -2 
No. 5 25.64 2400 0.0409 0.0456 +11 : 
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defined by the average straight line 
shown in Fig. 12. Then if S, is the stress 
on the upper or lower outer fiber in the 
creep bending specimen, the value of the 
creep strain in either of these fibers will 
be assumed to be: 


e=@+ + 


= + + 1t. .(5) 


where K, a, B, and n are the creep con- 
stants based on the average straight lines 
in Figs. 11 and 12. 

Assuming that plane cross sections re- 
main plane and that the deflections are 
small, it can be shown (3) that the de- 
flection at mid-span of a specimen of 
length L subjected to a pure bending 
moment is: 


_ where e = the strain on the outer fiber. 
From Eqs 5 and 6 the creep deflection 
ata time / can be determined as: 


+ asyt).. (7) 


The stress S, on the outer fiber is 
initially a function of both the time ¢ 
and the moment M. After the initial 
stage, the creep rate becomes a constant 

- and the stress in terms of the moment 
can then be shown to be equal to (3): 


_ (Mh) (2n + 1) 


b 
; _ where J = the moment of inertia of the 
specimen cross section and k = the depth 
of the specimen. The theoretical creep 
deflection - time relations can now be de- 
termined by Eq 7 for a given value of the 
bending stress S as calculated by Eq 8. 
These theoretical creep deflection rela- 
tions for the various values of moments 
M and corresponding stresses S, as de- 
termined on the basis of Eqs 8 and 7, are 
shown in Fig. 13. For the purpose of 
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comparison, Fig. 13 also shows the actual 
test results. Table II gives a comparison J 
between the actual and theoretical values 
of the creep deflections at 1000 hr. It 
also shows that the differences between , 
these values at 1000 hr vary between 5 
and 18 per cent depending upon the stress 
value used. In one isolated case for a 
nylon FM 3001 test at a low stress value, 
the discrepancy was 27 per cent. In view 
of the possible variations in the material, 
the agreement as indicated in Fig. 13 and 
Table II between test results and theory 
is considered very good. 


Interpretation of Torsion Creep-Time 
Relations: 


A theory for predicting the creep angle 
of twist in torsion based on tension and 
compression creep-stress-time relations 
has been developed by the authors 
(2, 4). It is based upon the creep- 
stress-time relation, e = DS™ + BS", 
in place of that defined by Eq 4. A 
theory similar to that developed in 
reference (4) can be developed assuming 
the tension and compression creep-stress 
relations to be the same and to be de- 
fined by Eq 4. Then by this theory the 
angle of twist at a time / is defined by: 


(L)| (i + ») 

(9) 


Annalee of Twict (Decrees) (4 in. Gage Lenath) 


where: 
S; = the shear stress on the outer fiber, 


L = the length of the member, ae 
r = the radius, 

v = Poisson’s ratio, and a 
E = modulus of elasticity. 


It can also. be shown (4) that after the 
initial stage the shear stress S, in terms 
of the applied torsional moment T be- 
comes: 

= s= 7 
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where: tions are also shown in Fig. 14 for the 
Purpose of comparison with the test re- 
sie aes the polar moment of inertia sults. The percentage differences be- 


of the cross section and tween the actual and theoretical angle of 
r = the radius of the cross section. twist values at 1000 hr are listed in 
(a) Nylon FM 10001 
100 


=> 


403-+ 


Creep Angles of Twist (Degrees) (4 in. Gage Length) 
\ 
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Time, hr 
Fic. 14.—Comparison of Theoretical and Actual Creep Angles of Twist in Torsion. 


The theoretical values of the creep Table III. These results show that the 
angles of twist for a specimen subjected maximum difference between theory and 
to a twisting moment T can now be ob- tests is about 27 per cent. Considering 
tained from Eqs 9 and 10. These theo- the influence of material variation, 
retical creep angles of twist-time rela- starting time differences between creep 


. 
= 
| 


Marin, WEBBER, AND WEISSMANN 


TABLE III—COMPARISON OF THEORETICAL AND ACTUAL CREEP ANGLES OF 
TWIST AT 1000 HR. 


ei R Creep Angles of Twist at 
Elasti 
Specimen | “Moments | Stress, Diflerence 

Experimental | Theoretical 
Nylon FM 10001..... No. 1 9.38 450 11.5 10.9 -5 
No. 2 18.75 900 26.0 23.0 —11 
ween os No. 3 28.13 1350 40.5 36.7 -9 
No. 4 37.50 1800 57.5 52.6 -9 
: No. 5 46.88 2250 78.5 64.7 -18 
@: No. 6 58.25 2700 108.0 88.7 -18 
Nylon FM 3001..... .| Nol 7.59 300 5.4 5.1 -6 
No. 2 15.18 600 13.2 10.8 —22 
- No. 3 22.78 900 21.1 17.8 -19 
No. 4 30.42 1200 29.3 25.5 -15 
No. 5 38.00 1500 39.4 38.9 -1 
oO No. 6 45.10 1800 49.9 49.1 -2 


TABLE IV.—PERCENTAGE DIFFER- 
ENCES BETWEEN CREEP STRAINS 
WITH DIFFERENT STORAGE TIMES 
PRIOR TO TEST FOR NYLON FM 10001. 


erence in 
Type of Stress Times Creep Strain, 
hr per cent 
160 —4 
360 -5 
500 -7 
1000 -8 
1100 —15 
1080 —16 


tests, and other factors, the agreement 
between theory and test is considered 


good. 


REPRODUCIBILITY OF TEST RESULTS 


Repeat tests for nylon FM 10001 
shown plotted in broken lines in Figs. 

6, 7, 8, and 9 all give consistently lower 
values of creep strains than the original. 
On the other hand, creep rates were re- 

*  producible. The increased resistance to 
creep as indicated by the decrease in 
creep strain in the repeat tests may be 


between the 


related to a change in the material or its 
moisture content occurring with time. 
Individual test results can thus be con- 
_ sidered a function of the time elapsed 
initial molding of the 


spec 


TABLE V.—PERCENTAGE DIFFER- 
ENCES BETWEEN RESULTS OF DUPLI- 
CATE TESTS FOR NYLON FM 3001. 


Creep Strains or 
Deformations at Differ- 
Type of Stress | Stress, br ence, 
Test. | ‘Test 
in. per in. 
Tension....... 475 | 0.0030} 0.0030 0 
600 | 0.0039] 0.0044) —13 
1200 | 0.0098} 0.0089} +7 
1800 | 0.0161] 0.0166) —3 
2400 | 0.0237 
Compression...} 610 | 0.0031] 0.0030) +3 
1200 | 0.0066} 0.0072) —9 
1548 | 0.0097) 0.0096; +1 
1870 | 0.0123) 0.0124) —1 
2530 | 0.0192) 0.0207) +5 
fee for 2-in. 
e Length, in. 
Bending....... 400 | 0.0029] 0.0028} +3 
600 | 0.0041) 0.0040} +3 
1200 | 0.0095) 0.0085) +11 
Po 1800 | 0.0135) 0.0132} +2 
2400 | 0.0186] 0.0207| —12 
Angles of 
Gage Length, deg 
Torsion.......| 300] 2.0 2.0 0 
600 | 4.6 4.1 +11 
900 | 7.4 6.5 +12 
1200 |10.2 08.9 +13 
1500 |13.8 13.1 
1800 |17.6% |17.1¢ +3 
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men and the starting time of the test. 
However, the difference between the 
creep strains of original and repeat tests 
is also a function of the difference be- 
tween the two different times at which 
the tests were started. 

Table IV gives the percentage dis- 
crepancy between creep strains obtained 
from identical tests that were started at 
different times. 


tained from the original and repeat tests 
for the two materials are listed in 
Table V. 


TEstTs 


For each of the materials herein in- 
vestigated, creep and creep recovery of 
the material and the influence of rest 
periods on the creep-time relations were 
also investigated by applying a sequence 


Repeat tests for nylon FM 3001 show 
some discrepancies between creep strains 
obtained from the original and repeat 
tests. These discrepancies are, however, 
distributed in a random manner and do 
not show any definite trend. This is per- 
haps due to the materials having been 
stored in the laboratory for a sufficiently 
long time so that the materials had ar- 
rived at states which are stable with 
respect to testing temperature and 
humidity conditions. The percentage 
discrepancies between creep strains ob- 


Lal 
6 Fe. 15.—Tension Cycling Tests for Nylon FM 10001. 
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of loading and unloading. Specimens were 


initially loaded at stress values corre- 
sponding to the constant stress creep 
tests, and creep strains were measured. 
The following sequence of loading and 
unloading was then used: 

1. The load was removed after 1 hr 
and total creep strain measured. 

2. With load removed creep recovery 
was measured for 1 hr. 

3. The load was then applied for 1 hr. 

4. The above loading and unloading 


: 
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was repeated four times (or for a total 
elapsed time of 8 hr). 

5. The specimen was then allowed to 
rest without load overnight for a period 
of 16 hr. 

6. The foregoing pattern of loading 
and unloading was then repeated for five 
days. 

Creep-time relations for tension, com- 
_ pression, bending, and torsion were ob- 
tained for each of the materials tested, 
using the loading cycles and rest periods 
outlined above. Figure 15 shows sample 
graphs representing some of the data 
obtained. 
Test data show that in all cases a large 
portion of the creep strain was recovered 
_ with time after removal of load. At the 
end of each unloading cycle, not all the 
_ creep strain was recovered, but some re- 


mained. It is also observed that some 


s creep recovery occurred during the over- 
_ night rest periods. It must be concluded, 

therefore, that not all the creep strain 
remaining at the end of each unloading 
cycle is of permanent nature. Presumably 
some portion of that creep strain could 
_ still be recovered if given sufficient time 
to do so. On the other hand, the creep 
strain remaining after the overnight rest 
period of 16 hr perhaps can be considered 
to be of permanent nature. Some of this 

type of strain is developed during each 
4 loading cycle, and the total magnitude of 
this permanent deformation increases 
with the number of loading cycles sus- 
tained by the material. 


CONCLUSIONS 


1, It was found that for the materials 
tested the creep deformation - time - 
_ Stress relations for tension and compres- 
_ sion can be expressed by: te 


~ em KS* + 


e = the creep strain, 
S = the stress, 
= the time, and 
K, a, B, and n = experimental constants. 

2. Approximate theoretical creep de- 
formation - time-stress_ relations in 
bending and torsion proposed in this 
paper agree well with the actual relations. 

3. In the cases of nylon FM 10001, it 
was observed that the time elapsed be- 
tween the time of molding the specimens 
and the starting time of the creep test 
has an influence on the test results. Up to 
a certain point, the greater this time the 
smaller the creep deformation. No such 
tendency was observed in the cases of 
nylon FM 3001, presumably because in 
the latter cases enough time had elapsed 
for the materials to reach conditions at 
equilibrium with the test conditions. The 
variability in the creep rates for nylon 
FM 10001 may also be due to the way 
this material was molded or annealed 
and to the moisture content. 

4. The cycling tests made showed that 
a large part of the total creep strain can 
be recovered upon removal of load. This 
was found to be equally true for tension, 
compression, bending, and torsion. A 
certain amount of permanent strain was 
developed during each loading cycle, and 
the total magnitude of this permanent 
deformation increased with the number 
of loading cycles sustained by the mate- 
rial. 
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Mr. W. N. (by /etier).—The 
use of SR-4 strain gages cemented to the 
creep specimens as_ strain-measuring 
devices was noted in the paper. While 
there may be some greater ease of manip- 
ulation of this apparatus compared to 
optical-mechanical methods employed by 
the writer? or optical methods previously 
employed by the authors, it is not under- 
stood why the method was changed in 
veiw of some of the disadvantages of the 
SR-4 gage in this application. Some of 
these disadvantages are mentioned in 
the ASTM recommended practice for 
creep. testing D 674-51 

One of the disadvantages of the SR-4 
gage for creep measurement was men- 
tioned by the authors. It is that the gage 
carries some of the load applied to the 
specimen. The proportion of load taken 
by the gage probably varies somewhat 
from specimen to specimen due to varia- 
tions in the cementing and stiffness of 
the paper base. Was the portion of load 


! Professor of Engineering, Brown University, 
Providence, R. I. 

2W.N. Findley and W. J. Worley, ““Mechan- 
ical Properties of Five Laminated Plastics,” Tech- 
nical Note No. 1560, Nat. Advisory Comm. Aer- 
onauties, Aug., 1948. 

3 Tentative Recommended Practice for Long- 
Time Creep or Stress Relaxation Tests of Plastics 
Under Tension or Compression Loads at Dif- 
ferent Temperatures (D 674 —- 51 T), 1952 Book 

of ASTM Standards, Part 6, p. 700. ee 1 
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(3) Joseph Marin, “Engineering Materials,” 
Prentice Hall Book Co. (1952). 

(4) Joseph Marin and Yoh-Han Pao, “‘A Theory 
for Combined Creep Strain - Stress Relations 
for Materials with Different Properties in 
Tension and Compression,” Proceedings, 
First National Congress of Applied Me- 
chanics, Am. Soc. Mechanical Engrs., pp. 
585-593 (1953). 


taken by the gage determined experi- 
mentally? 

In addition to the effect on the stress, 
the restraining effect of the gage glued to 
the specimen may markedly retard creep 
in the region covered by the gage, thus 
yielding less creep than would otherwise 
occur. If experiments were performed to 
demonstrate that this factor was negli- 
gible for the material tested, it would 
add materially to the value of the paper 
if these data could be included. 

It is known that gages cemented by 
the usual adhesives for room tempera- 
ture applications are themselves subject 
to stress relaxation, the magnitude of 
which may be significant in long-time 
tests such as creep tests. 

For some plastics it seems likely that 
the adhesive used to cement gages to the 
specimen could influence the creep be- 
havior through solvent action, plasticiz- 
ing action, diffusion, volumetric expan- 
sion due to absorption, etc. It would be 
of interest to know what adhesive was 
used in the present tests and whether 
its effect on creep of the material was 
investigated. 

Mr. AvBert G. H. Dietz! (by letter). 
—Stress-strain relationships in nylon and 
other high polymers are difficult to ex- 

* Acting Head, Building Engineering and 


Construction, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. ner? 
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press in simple mathematical terms 
because of their combination of instan- 
taneous elasticity, delayed elasticity, 
and permanent deformation. Time is an 
important consideration in these mate- 
rials. When the strain levels at any given 
instant of time are not simply propor- 
tional to the stress levels, the problem 
becomes highly complex. 

The expressions developed by the 
authors, although semi-empirical, have 
the virtue of simplicity while attempting 
to express the various modes of behavior 
of the polymer under stress over a period 
of time. 

Several questions arise: 

1. Can these expressions be rewritten 
in some inverse form to depict the re- 
laxation behavior of the material, that is, 
the decay of stress with time at some 
fixed strain? 

2. Can these expressions be used to 
depict creep recovery? 

3. Can these expressions be rewritten 
to depict stress-strain behavior at various 
strain rates? 

4. Materials undergoing creep may 
creep in a nearly linear fashion for some 
time and then begin to creep at an ac- 
celerating rate until fracture occurs. Did 
any of the specimens tested exhibit such 
behavior? Can the expressions given be 
used to depict such behavior? 

SR-4 gages were bonded to the speci- 
mens. What adhesive was used? Was 
there any indication that localized sol- 
vent attack might alter the characteris- 
tics of the nylon in the vicinity of the 
gage? 

Mr. Mervin B. Hocan’ (by letter).— 
Mr. Marin and his colleagues have again 
contributed, through the present paper, 
a most exemplary set of creep data, 
maintaining or exceeding the enviable 
standard of precision and excellence so 


5 Chairman, Department of Mechanical En- 
out University of Utah, Salt Lake City, 
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ably set by Mr. Marin in all of his pre- 
vious investigations of the creep of 
solids. 

The primary concern of the writer has 
been the creep of solids subjected to 


a 


Fic. 16.—Four-Element Model Showing 
Schematic Representation of the Creep of a Solid. 


direct stress; for that reason, his com- 
ments will be directed to the data of 
Figs. 6 and 7. These two figures present 
the data pertaining to the creep of nylon 
in tension and compression, respectively. 

The writer is obliged to Mr. Marin for 
graciously furnishing him a print from 
the original tracings, which eliminated 
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the necessity of photographing and en- 
- larging the published cuts. In the case of 
the compression data, the curves supplied 
‘the writer differed slightly from those 
reproduced in Fig. 7. 

A detailed analysis of these creep data 
for nylon in tension and compression 
from the standpoint of the absolute rate 
_ theory has been made by the writer. The 


details of this theory have been presented 

elsewhere (5, 6, 7, 8).® 
eS The creep of the solid may be schemat- 
ically represented by the four-element 
_ 16. Neglecting the tertiary creep of Fig. 
17, since it is of limited or no engineering 
interest, the general experimental creep 
curve there shown can be resolved into 


the three component curves indicated in 
_ Fig. 17(a, 6 and c). The physical rela- 


_ Upon application of the stress ¢, there 
f is an instantaneous elastic elongation of 
the material which is represented in the 
model by the elastic elongation of the 
open spring E. This constant elongation 
is graphically represented by Fig. 17(a). 
With the elapse of time, the open dash- 
pot K, a, in series with the spring E£, 
slips at a constant rate of elongation as 
shown in Fig. 17(b), while simultane- 
ously the parallel unit composed of the 
spring E, and the dashpot K, , a, elon- 
gates at a variable rate which is referred 
to as the “transient creep” component 

of the creep action. This is illustrated in 
17(c). 

The constants of a dashpot are here 
denoted by K and a. The constant K 
specifies the rate of flow of the dashpot 
_and is expressed in reciprocal seconds, 
_ while @ denotes the response, or resist- 
ance, of the element to stress and has the 
6 The boldface numbers in parentheses refer 


to the list of references appended to this dis- 
eussion, see p. 1343. 
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units of reciprocal pounds per square 
inch. 

With the model in mind as an ana- 
logue, the analysis of the creep is readily 
undertaken. Let E be the spring modulus 
of the open spring (which is the usual 
modulus of elasticity of the material) 
and E, represent the like property of the 
parallel spring. Further let 


o, = stress applied to the four- 
element model in psi, 
o = stress acting on the parallel 
viscous element, and 
o, — o = stress acting on the parallel 


elastic element. 
The open elastic element E experiences 
a unit strain €) due to the applied stress 


The rate of flow of the open dashpot is 
given by the hyperbolic sine law as’ 


d 

= = K sinh ags........ (2) 
where: 

K = VAT SFURT (3) 

Vah 

= Vi 


The steady-state condition of the two 
open elements subjected to constant 
stress is specified by Eqs 1 and 2. 

The two parallel units constituting the 
transient element each experience the 
same unit strain at any moment, or: 


de 1 d(o, — a) 
=é= Ky sinh apo. . (5) 
where: 
~ Vapht 
Vip 
(7) 


7 For derivation see pp. 3-22 


of an earlier 
paper by the discusser (8). > 


j 
| 
} 
_ tionship of these three curves to the 
tion of the several parameters. 
tag 
| 


Since ¢, is constant, Eq 5 may be written: 
do 
= —K,E, d@........ (8) 
sinh ayo 


which is readily integrated with the 
result 


In tanh = —K + C. 


But, 


o, = Eye, or = on — Ene 


and the relation becomes 


In tanh — Eytp) = + C.(9) 


or 


e-KpEp@ pt+C 


| 
tanh (6, — Eqtp) = (10) 


The unit strain ¢, is that of the tran- 
sient unit, so that when 


and the integration constant C is evalu- 
ated as 


If the maximum value attained ad €p 

is denoted as then when 

t=o, @ 


and Eq 10 yields 


tanh > — = 0 
(12) 


The elimination of the constant C 
from Egs 9 and 11, and the substitution 
of the value for E, of Eq 12 give the 


DISCUSSION ON CREEP-TIME RELATIONS FOR NYLON 


result 


€ 
=) 
2 ( 


The variation as a function of time of 
the unit strain ¢, of the parallel or tran- — 
sient unit for the constant stress ¢, is 
expressed by this last relation. 

The total unit strain e at any time /, 
due to the constant stress o, , is the sum 
of the unit strains of the three elements, 
that is, 


In 


= —K,Epapt. (13) 


e=a tate. 


The constant K, of the transient ele- 
ment is readily determined by Eq 13 if 
the following arbitrary condition is 
selected for the transient creep ae 
when 


€p 
t=h, 
which gives aa 
tanh = 
Ky = in (14) 
tanh 


Further algebraic simplification is 
achieved by letting 


ll 


The substitution of the value of K, 
from Eq 14 in Eq 13, with the above 
notation, leads to 


tanh (1 — tanh = 


Qa Qa 
tanh tanh — 


2 
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This result can now be utilized in connec- 
tion with the transient creep curve if the 
particular value of the ratio ¢’ cor- 
responding to a specified value of the 
ratio /’ is imposed. For this purpose let 


€p 
= — 


Pad = é 
€p 
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With this value known, the associated 
constant Ky, is readily calculated by Eq 
14, which is conveniently written as 


The spring moduli E and E, are deter- 
mined directly by Eqs 1 and 12, respec- 
tively. 

The only available relation pertaining 


0.50 0.55 0.60 


This expression is of value in that a’ 
versus €” may be plotted, as shown in Fig. 
18, and the plot used to readily deter- 
mine a’ after the ratio «” at ¢ = 21; is 
evaluated from the transient creep curve. 
With a’ known, the desired value of a, 
follows from the previously specified 
ratio 


Fic. 18.—Plot of a’ versus e”. 


0.65 0.70 0.75 


to the constants K and a (Fig. 16) of 
the open dashpot is Eq 2. Consequently, 
they cannot be directly calculated froma 
single creep curve for one value of con- 
stant stress unless one of them is either 
known or assumed. However, 


e — 


inh X = 
sin. 2 


and if exponent —as, is considered 
negligibly small, Eq 2 becomes 


d 


K 
In ég = In 2 + ada........ (20) 


EE 


1 2 
K, = —— In ——........ (19) 
. and e 
ta2ty 
4 q 
16 

\ 

‘Then Eq 15 becomes 
af 

tanh (i — &”) tanh 
= 2 In ——.... (17) 
ry 
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Hence, if the logarithm of the creep 
rate at constant stress is plotted against 
the corresponding stress for each ex- 
perimentally determined creep curve, the 
resulting curve is a.straight line whose 


slope is a and whose intercept is 2° In 


this manner these two constants are 
evaluated. 
The calculation of the volume Vy, of 
Vip = 7, 
and the activation energy AF, }t of Eq 6 
_ possibly calls for a word of comment. 
If Boltzmann’s constant k is expressed 
in metric units as 1.38 10~'® ergs per 
Cent, and a, is expressed in psi’, 
the latter quantity is readily converted 
to the metric system by the constant 


1 
6.89 X 


reciprocal dynes per sq cm 


1 psi! = 


The relation then has the numerical 
value 


Vip = 0.401 X 107%, T...... (21) 


With the temperature 7 in degrees 
Centigrade and a, in psi~', the volume 
~Vpp is in cubic centimeters, which is 
readily expressed in cubic Angstroms. 
Assuming the ratio V, to Va, equal 
to unity, Eq 6 may be written in the form 
AF,){/RT 2kT 


—— 
RT Ky 
« 
2kT 


AF,t = 2.303 RT log —. 
vt Kyh 


or 


or 


The substitution of the numerical con- 
stants 
R = 1.986 cal per deg Cent, 
k = 1.38 X 10~'® ergs per deg Cent, 
and 
h = 6.626 X 10-” erg-sec 
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results in the numerical relation rs 
0.417 10 r (22) 
where T is in degrees Centigrade and the 
logarithm is to the base 10. 

The corresponding quantities V), and 
AF} for the open element are also calcu- 
lated by Eqs 21 and 22, respectively, as 
evidenced by Eqs 3 and 4. 

From the authors’ strain-time curves 
the writer ascertained the minimum 
creep rates to be of the magnitudes listed 
below: 

Nylon FM 3001 in Tension © 

o, = 475 psi éi = 6.11 X 10°" sec 
= 600 psi = 8.61 X sec”! 
= 1200 psi = 28.3 XK sec” 
= 1800 psi = 30.8 X sec” 
= 2400 psi = 48.9 XK 10°" sec. 


AF,t = 4.575T log 


The values are plotted to a semi- 
logarithmic scale in Fig. 19 and are 
indicated by the open circles. 

Nylon FM 10001 in Tension 


= 465 psi 12.5 X sect 
o, = 720 psi = 23.6 X 
o, = 983 psi = 23.1 X sec 
o, = 1345 psi és = 30.0 X 10™ sec 
o, = 1800 psi é = 33.1 X 10 sec’. 


These data are plotted to a semilog- 
arithmic scale in Fig. 20 and are indi- 
cated by the solid circles. 

Nylon FM 3001 in Compression 


= 610psi = 18.3 X 
= 1200 psi = 35.3 X sec 
o, = 1548 psi & = 49.5 X 10°" sec 
= 1870 psi & = 61.1 X 
= 2530 psi & = 80.0 X 10° sec. 


The open circles of Fig. 20 denote 
these data. 
Nylon FM 10001 in Compression 


o, = 346 psi = 9.45 X 107" sec 
o. = 628 psi = 17.8 X 10 sec 
o, = 1051 psi = 19.7 X sec! 
o, = 1888 psi é = 41.7 X 10™ sec 
o, = 2425 psi = 51.7 X 10™ sec. 


aA 
= 


© Experimental 


Theoretical 


— 
2 
" 
S, 
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TABLE VI.—NYLON FM 10001 IN TENSION AT 25C (77 F). 
= 0.416 X 107 psi“!, K = 32.8 X sec”, = 8.01 A, AFt = 30,800 cal 


4 
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E, psi Ep psi a’ @p , Kp, sec! AP ot, 
465....| 204 X 10° | 372 X 10° |17.5 0.649/4.08) 8.77 X 107% 111 10™™" | 21.8 |30 100 
720....| 238 10° | 258 10* |10.5|0.646/4.20) 5.83 x 107% 380 | 19.1 |29 300 
983....| 186 X 10° | 443 X 10° | 8.0/0.653/3.96) 4.03 x 107% 467 X10" | 16.9 |29 200 
1345... ee 382 X 10° |14.2/0.603|6.48) 4.81 x 107% 80.0 X 10™" | 17.9 |30 200 
1800...| 177 X 10° | 262 10° | 6.3/0.640/4.48) 2.49 x 10°? | 1290 x | 14.4 600 


Mean values calculated using the mean value of a’ 


1063...| 201 X 10° | 371 X 10° 04 4.36 X 1078 | 270 


| 17.3 500 


Mean values calculated using the mean value of e” 


| ...|-..-| 4-20 x 10° | 285 x 10 | 17.2 |20 500 


TABLE VII.—NYLON FM 3001 IN TENSION AT 23C (73 F). 
a = 0.779 X 10° psi, K = 14.96 X 10™ sec™, Vi¥8 = 9.75A, AFt = 31,200 cal 


Stress, psi| psi Ep,psi | he | psi-! Kp.sect | Vin cal 

aS 286 x 10° | 334 x 10° | 5.7/0.641/4.40| 9.25 x 107 | 312 x 10" | 22.3 | 29 400 

600...... 219 X 10? | 530 X 10° |17.210.654|3.92| 6.54 x 107? | 114 x 10" | 19.9 | 30 100 

1200..-.. 261 X 10° | 227 X 10° | 5.4|0.615|5.72| 4.77 x | 513 X | 17.9 | 29 200 

1800..... 186 X 10° | 271 X 10° | 8.0/0.601/6.60| 3.66 x 107? | 249 x 10" | 16.4 | 29 600 

2400... | 218 X 10° | 7.7|0.596/7.00| 2.91 x 10-* | 333 x 10" | 15.2 | 29 400 
Mean values calculated using the mean value of a’ 

1295..... | 238 X 10° | 316 X 10° | 8.8|0.621|5.53 4.27 x 1078 | 278 x 10-8 | 17.2 | 29 500 
Mean values calculated using the mean value of e” 

| | 4.17 x 10 | 301 x 107 | 17.1 | 29 500 


These data are indicated by the solid 
circles in Fig. 19. 

The straight line approximated by 
each of these sets of points was drawn 
as shown. Twice the intercept of the 
respective straight line on the ordinate 
axis gives the value of the parameter K 
of the series dashpot for the particular 
material. The slope of the straight line 
gives the value of the second parameter 
 @ relating to the series dashpot. With 

these values known, the magnitude of 
the uniform elongation creep of Fig. 


17(0) is determined. The four creep rates 
were found to be: 
= 14.96 X sinh 


0.779 X 10% 
éa = 32.8 X 10™ sinh 


FM 3001 in 
tension: 


FM 10001 in 


tension: 
FM 3001 in 


compression: 
FM 10001 in 
compression: 


0.416 X 
= 35.8 X 10 sinh 
0.619 X 10 a, 
= 21.4 X sinh 
0.681 X 


The curved lines of Figs. 19 and 20 
are the respective plots of these four 
relations. 
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TABLE VIII—NYLON FM 10001 IN COMPRESSION AT 25C (77 F). 


= 0.681 X 107? psi“, K = 21.4 X sec", = 9.31A, AFt = 31,000 cal 


— psi Ep psi < a’ @p , psi“! | Kp » sect | 
346....| 206 X | 640 10* |31.9/0.667/3.44) 9.94 x 1073 40.8 xX 10™" 22.8 |30 600 
628....| 236 X 10° | 334 |28.5/0.645)4.26) 6.79 x 1073 90.5 X 20.1 |30 200 
1051...| 236 | 312 10® 4.68 x 1073 259 x 107 17.8 |29 600 
1888...| 216 10® | 241 x | 8.8/0.611/5.96) 3.16 107% 400 x 10 15.6 |29 300 
2425...) 180 X 10° | 297 10° |16.2/0.644/4.32) 1.78 x 1073 664 xX 12.9 |29 000 
Mean values calculated using the mean value of a’ 
1268....| 268 10° | 365 10° |19.4 0.030|4.58) 3.61 X 1073 | 199 x | 16.3 700 
Mean values calculated using the mean value of e” 
| | 3.58 X 10°* | 204 | 16.2 |29 700 
TABLE IX.—NYLON FM 3001 IN COMPRESSION AT 23C (73 F). 
a = 0.619 X 10° psi!, K = 35.8 X 107" sec™, V,,)/3 = 9.04A, AFt = 30,700 cal 
E, psi Ep psi fhe a’ Kp sect 
610....| 311 10° | 580 10® |/17.8/0.695/2.56) 4.20 x 1073 266 xX 107 17.1 |29 600 
1200...) 273 10° | 550 10® |24.5/0.665/3.52| 2.94 x 1073 2022 x10" 15.2 |29 700 
1548...| 254 108 | 419 « 10° |23.2/0.635/4.72| 3.05 x 107% 161 x 15.4 |29 800 
1870... 399 X |22.7/0.623/5.28) 2.82 x 107% 144 x10 15.0 |29 900 
2530...| 246 108 | 281 10° |22.5/0.595/7.08) 2.80 x 1073 88.4 107% 15.0 |30 200 


Mean values calculated using the mean value a’ 


1552...| 271 X 10° | 446 X 10° 2.98 X 1073 | 169 107" 


Mean values calculated using the mean value e” 


see |... 


2.81 x 1073 | 202 x 


The results of the complete analysis 
of each of the four sets of the authors’ 
data are tabulated in Tables VI, VII, 
VIII, and IX. The ‘“‘mean values” cal- 
culated using the mean value of a’ are 
in good agreement with those resulting 
from the mean value of e”. 

Using the mean values of the param- 
eters of Table VI, theoretical points 
were calculated on the creep-time curve 
for the nylon FM 10001 in tension, 
subject to the applied stress of 1800 psi. 
In Fig. 21, is reproduced the authors’ 
curve for this stress from Fig. 6, where 


| 15.3 [20 800 
| 15.0 |20 700 


the open circles denote their experi- 
mental points and the solid circles the 
theoretical points calculated by the 
writer. 

The absolute rate theory provides a 
means of explaining the creep of solids in 
terms of the current concepts of atomic 
or molecular structure of materials. 


Fundamental progress in this field = 


only be achieved when a correlation is 
established between such theories of the 
solid state of matter and accurately 
determined experimental properties of 
the creep of solids. 
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Actually, the possible experimental 
accuracy yet attainable leaves room for 
- considerable improvement. In the case 
_of plastics, in particular, it is well known 
_ that unless well-aged specimens are used 
in the experimental tests there is little 
_ possibility of reproducing results. 
_ The authors’ candid discussion of the 
“reproducibility of test results” is most 
_commendable. Few investigators report- 
ing in the literature have seen fit to 
acknowledge this well-known difficulty. 
For plastics there is the other factor of a 
“change in the material” in addition to 
a change in the moisture content or a 
possible loss of volatiles. The change in 
the material is generally viewed by 
chemists as a very slow continuation of 
_ the polymerization process which was not 
fully completed during the manufactur- 
operation. 
In Table X the writer has compiled 
the mean values of several parameters, 
as well as the resulting three-dimen- 
sional quantities V;, and Vp, , together 
ik, the activation energies AF} and 


AF, tf, of some of the materials reported 

by Mr. Marin and his associates, as well 
as those of other investigators. Such a 
tabulation provides a ready comparison 
of results. 

These values are closely related to the 
reproducibility of results. In any set of 
-creep-time curves at several constant 
_ Stresses, for any given material, there is 
_ some variation in the values of the 
_ parameters as evaluated from each creep- 
‘in curve. For that reason, the writer 

has utilized the mean values as the only 
_ feasible possibility of comparing magni- 
tudes. A study of Table X will likely 

convince one that we still have quite a 

distance to go before we shall be able 
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satisfactorily to explain our results from 
the standpoint of solid-state physics. 

We must fully realize that a discussion 
of the creep in relatively very simple 
materials, such as metals which crystal- 
lize in the cubic system, is challenging 
both from the experimental and the 
theoretical aspects. In view of the fact 
that difficulties still exist in the investi- 
gations of these systems, we at once 
appreciate that the much more complex 
systems with which one deals in many 
practical problems are not yet amenable 
to complete treatment. This, of course, 
does not in any way reduce the value of 
such efforts, but does suggest that there 
is really no reason to be complacent with 
what has already been accomplished. 

The examination of the crystalline 
nature of nylon made by Bunn and 
Garner (18) indicates that there are two 
crystalline modifications which exist in 
labile equilibrium at room temperature. 
While physical properties of these sepa- 
rate modifications have not been re- 
ported, it would be most unanticipated 
if they should be the same. These facts, 
together with the amorphous portions of 
the nylon, introduce complications 
which cannot now be treated. 

Once we can get to a fuller appreciation 
and correlation of such theory and actu- 
ality, we may be able to attain the goal 
of all creep investigators, namely, the 
possibility of determining creep charac- 
teristics at ordinary temperatures from 
short-time creep-evaluations at elevated 
temperatures. 

Those of us working in this field al- 
ways welcome a new publication of creep 
data by Marin and his coworkers, know- 
ing the quality of their results justifies 
extended study of the data. 
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Mr. JosePH Marin (author’s closure). 
—Mr. W. N. Findley is concerned 
about the accuracy of measuring creep 
strains by the use of SR-4 gages. Tests 
were made in which the creep strain was 
determined both by micrometer micro- 
scopes and by SR-4 gages. It was found 
that the creep strain readings by these 
two methods were essentially the same— 
the percentage difference being negli- 
gible. As indicated by Mr. Findley, SR-4 
gages cannot be used for some plastics 
because of the influence of the bonding 
material by the strain gage and the speci- 
men. The load-carrying capacity of the 
_ SR-4 gage, compared to the specimen, 
was found to be negligible. In the ten- 
sion creep tests, the percentage load 
carried by the gage, as determined by 
_ calculation, was about 3 per cent. 

Mr. Dietz asked the question as to 
whether relaxation behavior can be 
_ predicted from the creep-time relation 
_ used. This can be done and agreement 
between the actual relaxation results and 
predicted theoretical values has been 
found to be good. However, creep-time 


_ Discussion ON CREEP-TimE RELATIONS FOR NYLON 


curves, in which the creep rate acceler- 
ates prior to fracture, cannot be defined 
by the creep relations proposed in this 
paper. There was no indication that the 
bonding material used chemically at- 
tacked the nylon specimen in the vicinity 
of the strain gage. 

The authors appreciate the kind com- 
ments made by Mr. Hogan regarding our 
investigation. Mr. Hogan proposes other 
expressions for defining the creep-stress- 
time relations and finds good agreement 
between test results and predicted 
values. Although it may be found that 
the absolute rate theory may provide a 
basic explanation of creep at the present 
time, it still remains a semi-empirical 
relationship for defining creep-stress- 
time relations. The choice between the 
relation proposed by Mr. Hogan and by 
the authors cannot be decided on the 
basis of one set of test results. However, 
the types of studies that have been made 
by Mr. Hogan, in the interpretation of 
creep data, are of great importance in 
the development of a mechanics of creep 
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TIME-TEMPERATURE RELATIONSHIP FOR RUPTURE STRESSES 


IN REINFORCED PLASTICS* 


SYNOPSIS 


Proposed utilization of laminates fabricated from polyester resins rein- 
forced with glass fibers in Corps of Engineers equipment which must sustain 
appreciable loads over relatively long periods of time has led to the investi- 
- gation of the relationship between time, temperature, and rupture stresses in 
these materials. It was found that a time-temperature relationship developed 
_ for the study of rupture stresses in metals at elevated temperatures could be 
_ applied to these materials with considerable success. Application of this re- 
lation allows the use of short-time tests at elevated temperatures to deter- 
mine long-time data at room temperature and allows the presentation of the 


Materials fabricated from polyester 
resins reinforced with glass fibers have 


_ many desirable properties, foremost of 


which are their great specific strength 
and ease of handling. It is not surprising, 


- therefore, to find that they are being 
used in items where only metals were 
_ considered heretofore. The Engineer 


Research and Development Laboratories 
at Fort Belvoir, Va., have been in- 
vestigating the use of these laminates in 
such items as pontons, pipe for petro- 
leum distribution, hot and cold water 
pipes, compressed gas cylinders, etc. 
Several of these items are currently 


under development. A number of them 


will operate under conditions of high 
temperature and stress for long periods 
of time once they are put into use. 

Although there is an abundance of 
design information available regarding 
the properties of these materials, prac- 

* Presented at the Fifty-seventh Annual Meet- 
ing of the Society, June 13-18, 1954. 

1 Engineer, Research and Development 


Laboratories, Corps of Engineers, U. S. Army, 
Fort Belvoir, Va. 
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- complete rupture characteristics of a laminate on a single curve. 


tically all of the data was obtained from 
tests which ran their course in a few 
minutes. Since the strengths of these 
materials are time-temperature depend- 
ent, short-time laboratory tests do not 
portray a complete picture of their 
capabilities. The purpose of this study 
was to investigate the relationship be- 
tween time, temperature, and rupture 
stresses for these laminates. 

A search of the literature disclosed 
only one pertinent report (1),? one that 
had been published by the United States 
Air Force. Stresses required to rupture 
plastics at various temperatures and 
rates of creep over periods of time up to 
1000 hr were determined. The plastics 
were laminates fabricated from Plaskon 
920, Stypol 16B, and Selectron 5003, 
reinforced with Owen-Corning Fabric 
181-114. Unfortunately, the value of the 
work was limited to the stresses, temper- 
atures, and periods of time used to 


? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1351. 
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perform the tests. An equation which 
related ultimate strengths to the du- 
ration of application of stress would be 
very useful. Several of these have been 
devised but are either too cumbersome 
or complicated, or contain constants or 
other factors difficult to determine. 
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Holloman and Jaffe (2) have shown _ 
that the relation between tempering : 
time and temperature for a given _ 

hardness derived from Eq 2 is expressed 
by the following equation: 


T(C + log t) =constant........ (3) *. 


TABLE I.—STRESS TO RUPTURE LAMINATES AND K VALUES. 


1s to to = to 
Temper- A ] uce | xy roduce | x y roduce | x y 7 
Type Strem Rupture | | | | | 
psi psi hr, psi 
ae Plaskon 920 Tension 29 600 | 11.3 | 29 300 | 11.9 | 29 100 | 12.4 
a Plaskon 920 Tension 27 800 | 13.8 | 27 400 | 14.5 | 27 200 | 15.2 
Me sce Plaskon 920 Tension 25 600 | 16.0 | 25 100 | 16.7 | 24 000 | 17.5 
eee Plaskon 920 Tension 25 400 | 18.0 | 21 000 | 18.9 | 14 400 | 19.8 ; 
Saree: Plaskon 920 Compression | 26 800 | 11.3 | 23 000 | 11.9 | 19 000 | 12.4 
ee Plaskon 920 Compression 11 000 | 16.0 | 10 500 | 16.7 9 200 | 17.5 
ae Plaskon 920 Compression 5 300 | 18.1 4 400 | 18.9 | 3 500/ 19.8 
ee Stypol 16B Tension 25 300 | 11.3 | 24 700 | 11.9 | 23 700 | 12.4 
ae Stypol 16B Tension 24 800 | 16.0 | 24 000 | 16.7 | 23 200 | 17.5 
a Stypol 16B Tension 16 000 | 20.2 | 12 000 | 21.2 5 300 | 22.2 
oe Stypol 16B Compression | 24 200 | 11.3 | 33 000 | 11.9 | 22 600 | 12.4 
Stypol 16B Compression | 10 700 | 16.0 | 9 400 | 16.7 | 8 100 | 17.5 
Ga wes Stypol 16B Compression 3 800 | 20.2 2 700 | 21.2 1 400 | 22.2 
ee Selectron 5003 Tension 40 700 | 11.3 | 37 800 | 11.9 | 36 300 | 12.4 
ae Selectron 5003 Tension 28 900 | 13.8 | 28 200 | 14.5 | 27 300 | 15.2 
_ eae Selectron 5003 Compression | 27 500 | 11.3 | 26 000 | 11.9 | 24 800 | 12.4 
Se asics Selectron 5003 Compression 7 200 | 13.8 6 000 | 14.5 4 900 | 15.2 
They are based on rate-process theories 
and take the same general form as: 5 Yeors \ 
ISRT H 

where: 10. 000) Curve 
= time for fracture, a 

3000 

B = constant, 
e = natural logarithm, \ 
E = Young’s modulus, 
U = activation energy, = 
S = ultimate tensile strength, 
R = gas constant, and ~ \ 
T = absolute temperature 
and: 

where: 10. 34 000 26 000 28000 30 000 


r = rate, 

constant, and 

activation energy for the process. 


Fic. 1.—Stress to Produce Tension Rupture 
in Plaskon 920 Laminates. 
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Fic. 2.—Stress to Produce Compression Rup- 
ture in Plaskon 920 Laminates. 


_ Since both creep and tempering seem to 
obey rate-process laws, it was believed 
that this concept should be directly 
applicable in creep and rupture testing 
for the purpose of shortening the test 
time. 

Larson and Miller, metallurgists em- 
ployed by the General Electric Co., 
carried this relationship one step farther 
(3). They showed that for a given stress 
in steel and other metals the time to 
rupture is related to temperature by the 
equation: 


T(20 + log é) = K (constant)...... (4) 
where: 
T = absolute temperature, deg Ran- 
kine, and 
i = time, hr. 


Their master curves for rupture stress 
versus K were plotted on semilogarith- 
mic paper. These covered a temperature 
range from 500 to 1900 F. Examination 
of the curves revealed that the deviation 
of points from a single curve was small 
and was probably due to experimental 
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ture in Stypol 16B Laminates. 
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Fic. 3.—Stress to Produce Tension Rupture 
in Stypol 16B Laminates. 
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errors. Application of this relation 
allowed the use of short-time tests to 
determine long-time data with remark- 
able accuracy. 


GOLDFEIN ON STRESSES IN REINFORCED PLASTICS 


(1347 


The K values were calculated for all 
the laminates listed in the Air Force 
report (Table I). Time versus rupture 
stress curves were drawn on semi- 


The value of 20 for C in Eqs 3 and 4 
was developed both empirically and by 
derivation. An examination of the 
derivation showed that C for all intents 
and purposes was a constant almost 
independent of material. Thus it was 
conceivable that the formula would be 
applicable to plastic materials. 

‘ 
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Fic. 5.—Stress to Produce Tension Rupture in Selectron 5003 Laminates. 


logarithmic paper (Figs. 1 to 6). Rup- 
ture stress versus K curves were then 
plotted on semilogarithmic paper (Figs. 
7 to 12). The stresses required to rupture 
the laminates at various temperatures — 
in 5 yr were determined by two methods. 
First, the K values were calculated, 
using the appropriate values for the 
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Fic. 6.—Stress to Produce Compression Rup- 
ture in Selectron 5003 Laminates. 
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Fic. 8.—Stress to Produce Compressive Rup- 
ture versus K Plaskon 920, Stypol 16B, and Selec- 
tron 5003 Laminates. 
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Fic. 7.—Stress to Produce 


Tension Rupture 


versus K Plaskon 920, Stypol 16B, and Selectron 


5003 Laminates. 
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Fic. 9.—Stress to Produce Tension Rupture 


versus K Stypol 16B. 
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Fic. 11.—Stress to Produce Tension Rupture 


versus K Selectron 5003. 
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temperatures and time. The stresses were 
then noted on the rupture stress versus 
K curve. Secondly, the time versus 
rupture stress curves were extrapolated 
to a time of 5 yr and the corresponding 
stresses noted (Table II). 

The stresses to rupture in 5 yr, as 
determined by both methods, were found 
to be in close agreement (within 10 
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Fic. 12.—Stress to Produce Compressive — 
Rupture versus K Selectron 5003. 


per cent), with the exception of the 
results obtained from compressive tests 
on Plaskon 920 laminates. The latter 
were off approximately 20 per cent at 
80 F and 37 per cent at 300 F. All the 
rupture stress versus K curves appeared 
to have the same general shape, with 
the exception of the compression curves 
for Plaskon 920 and Selectron 5003 
laminates. The latter two curves have 
irregular shapes including abrupt changes 
in slope. There were insufficient data to 
draw these curves accurately. 
Examination of the Larson-Miller 
rupture K curves for steel alloys re- 
vealed that they possessed one or more 
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sharp breaks similar to the Plaskon 920 
and Selectron 5003 compression curves. 
Breaks in the alloy curves were attrib- 
uted to important changes in the flow 
and fracture process. The rupture and 
creep behavior of high polymers, es- 
pecially laminates, are generally less 
predictable than those of metal because 
of a number of complicating factors. 
Barring such conditions, the breaks 
would probably represent abrupt changes 
in the relaxation mechanisms. 
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K value of 7900. The stress, of course, 
would vary with the temperature. 
The effect of low as well as high 
temperatures on the strengths might be 
determined from the curves. As the 
temperature decreases, K decreases 
(see Eq 4). Examination of Figs. 7 
through 12 shows an increasing slope 
with a decreasing K, indicating an in- 
crease in strength with a decrease in 
temperature. This is in accordance with 
the results obtained with these materials 


TABLE II.—TIME TO RUPTURE LAMINATES CALCULATED FROM K VALUES. 


_ Resi Type St 
ai esin ress 
deg ype 
ee Plaskon 920 Tension 
SS Plaskon 920 Tension 
ee Plaskon 920 Tension 
ee Plaskon 920 Compression 
300......| Plaskon 920 Compression 
400......| Plaskon 920 Compression 
re Stypol 16B Tension 
Stypol 16B Tension 
a Stypol 16B Tension 
Stypol 16B Compression 
ee Stypol 16B Compression 
500......| Stypol 16B Compression 
ee Selectron 5003 Tension 
ee Selectron 5003 Tension 
Selectron 5003 Compression 
Selectron 5003 Compression 


| Sonus Stress, psi, 
KX 10° » | from Extra- 
Time, hr | (calcu- Pst from polating = Cent 
es Time ver sms ifference 
43 800 | 13.35 | 28 500 28 700 —0.7 
(5 yr) 
43 800 | 16.25 | 26 000 26 650 —2.4 
(5 yr) 

3 000 | 17.45 | 24 500 23 000 +6.5 

| 43 800 | 21.20 
43 800 | 13.35 | 14 100 11 800 +19.5 
5 000 | 18.00 5 400 8 500 —36.5 
43 800 | 13.35 | 24 500 22 550 +8.7 
43 800 | 18.75 | 21 300 21 850 —2.5 

43 800 | 22.65 
43 800 | 13.35 | 19 200 21 000 —8.6 

43 800 | 18.75 6 150 6 150 0 
43 800 | 13.35 | 31 000 31 800 —2.6 

13.35 | 22 000 22 600 —2.7 

16.25 


The rupture stress versus K curves 
might be used for purposes other than 
those described. For instance, impact 
strengths have been determined by the 
Izod impact test and by dropping balls 
on plates. The former may be considered 
a flexural-impact test and the latter a 
compression-flexural impact test. The 
time of application of load may be con- 
sidered to be approximately 0.03 sec. 
At 73 F, the K value would be 7900. 
Thus, the impact stress induced in a 
material due to a sudden blow might be 
determined by consulting the appro- 
priate rupture stress versus K curve at a 


by the National Bureau of Standards 
and the Bureau of Ships in their labo- 
ratories. 

The upper practical limit of the curve 
for the metals was the temperature at 
which surface oxidation took place. 
The corresponding limit for the plastics 
would probably be the temperature at 
which thermal decomposition set in. 

No mention has been made regarding 
master creep curves, although the 
Larson-Miller paper indicated that the 
creep curves for steel were similar to the 
rupture curves. Preliminary calculations 
and plots which were drawn indicated 


a 
. 
if, 
un 
ré 
4 
rez 
we 
Be 
ar 
a 
cr 
th 
ti 
( 
> 


GOLDFEIN ON STRESSES 


that the creep curves of the plastics 
under tensile stresses were similar in 
shape to the rupture curves. The com- 
pressive creep data were too sketchy; 
consequently, no conclusions can be 
reached regarding them. 

It is probable that the relationship 
would hold for any material on bonded 
assembly subject to failure by creep. 
Besides metals and plastics, elastomers 
and inorganic crystalline and non- 
crystalline materials could be included in 
this category. 

In conclusion it may be stated that the 
time-temperature relation expressed by 
the parameter: 

T(20 + log #) 
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may be applied to tensile and com- 
pressive rupture data on laminates 
fabricated from polyester resins rein- 
forced with glass fibers with the follow- 
ing results: 

1. Application of this relation allows _ 
the use of short-time tests at elevated 
temperatures to determine long-time ' 
data at room temperature. 

2. The degree of accuracy is not 7 
known because no long-time data are ' 
available as a check. 

3. Long-time rupture data obtained 


by extrapolation of time-stress curves 
agree in most cases with data obtained 
by use of the nee 


Iron and Steel Division, Vol. 
223-249 (1945). 

(3) F. R. Larson and James Miller, “A Time- 
Temperature Relationship for Rupture and 
Creep Stresses,” Transactions, Am. Soc. 
Mechanical Engrs., July, 1952, pp. 765-775. 
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Messrs. J. A. VAN Ecuo! AnD W. F. 
Smumons! (presented in written form).— 
The work upon which the author has 
based his paper was carried out at Bat- 
telle Memorial Inst. under contract with 
the Materials Laboratory, Wright Air 
Development Center. Since this has been 
a continuing program, we feel that we 
have enough information to give a short 
discussion of this paper. 

It certainly is unfortunate that there 
are not more long-time creep and rupture 
properties available on reinforced plas- 
tics. Anyone looking for long-time data 
will soon become aware of the sparsity of 
data available. However, extrapolating 
short-time data to very long times can 
be very hazardous and should be under- 
taken with extreme caution. Our work 
for WADC was, of course, limited in its 
scope to the conditions of time, tempera- 
ture, and stress of interest to the Air 
Force, and we wish to offer a few words 
of caution in extrapolating these data. 

The author has made use of the Lar- 
son-Miller parameter method of plotting 
the data and has used a value of 20 for C 
in the equation, C + log ¢ = a constant. 
A value of 20 for C has been found to be 
a reasonably average value for most 
ferritic and austenitic steels. However, 
C is not constant and may vary widely 
for different materials. 

Our re-examination of the original data 
for these laminates strongly indicates 
that there are insufficient data to derive 
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a reasonably accurate value of C. This 
may be the reason why the assumed 
value of 20 was used. Regardless of the 
limited data, calculations were made re- 
sulting in values of C ranging from 1 to 7. 
Thus, not only is there an apparent wide 
variation in calculated values of C, but 
none of these values appear to be in the 
vicinity of the assumed value of 20. 

Reinforced plastics are extremely 
unstable, especially at the higher temper- 
atures and long periods of time. The orig- 
inal data show the following approxi- 
mate resin losses for the three polyester 
resin laminates after 600-hr exposure as 
follows: 


Temperature, Resin Loss, Weight Loss, 
deg Fahr per cent per cent 
500 75 25 to 30 
400 50 17 
300 3-6 1 to 2 
200 ¥ to3 ¥ tol 


Also, there is a wide variation in the rup- 
ture properties of reinforced plastics. As 
much as 100 per cent variation has been 
found to exist in one laminate from one 
lot to another. There is also, for various 
reasons, considerable variation in 
strength properties from one panel to 
another and even from center to edge of 
the same panel. The hazard of estimating 
5-yr (43,800 hr) room- or elevated-tem- 
perature rupture-strength properties 
from a maximum 1000-hr elevated 
temperature test data should be appreci- 
ated. This is true regardless of whether 
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the 5-yr estimates are calculated by 
means of the Larson and Miller equation 
or extrapolated from the existing curves. 
Estimates of 5-yr rupture-strength prop- 
erties from 1000-hr test data would 
hardly be considered even for metals 
where little or no known physical changes 
occur and the materials are consistently 
uniform in quality. 

Mr. H. W. KuniMaAnn.*—Such an in- 
terpretation shows the fallacy of extra- 
polation of comparatively short-time 
high-temperature data to long periods of 
time at lower temperatures. The data 
show conclusively that the laminates 
suffered severe loss in weights at the 
higher temperatures; thus the extra- 
polation is being made on a laminate 
showing severe deterioration. 

Mr. E. L. Horne—I am affiliated 
with the Creep Rupture and Fatigue 
Section of the Wright Air Development 
Center Materials Laboratory which has 
been following closely the Battelle creep 
work sponsored by the Plastics Section 
of the Organic Materials Branch of the 
laboratory. Because Mr. Goldfein’s paper 
incorporates data from the above pro- 
gram and because comments following 
those of the speaker were critical of the 
program since long-time tests up to 5 yr 
were not conducted, I think it might give 
better perspective to this group if the 
original objectives of the program are re- 
viewed. The purpose of the program was 
to obtain adequate elevated-temperature 
mechanical-property information to meet 
Air Force requirements on several plastic 
materials in their current state of de- 
velopment. Since the Air Force to date 
has no need for five-year creep-rupture 
data, low stress tests to obtain extremely 
long times to failure were not required. 

2 Plastics and Rubber Division, Battelle 
Memorial Institute, Columbus, Ohio. 

3 Materials Engineer, Metals Branch, Mate- 
rials Laboratory, Wright Air Development 
Center, Wright-Patterson Air Force Base, Ohio. 
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Also since the plastics industry is con- 
tinually improving the quality and 
properties of the materials through 
changes in formulation, fabrication, and 
curing techniques, expensive tests for 
long periods of time on a material which 
might be superseded before the tests are 
completed were not warranted. 

Mr. ALBERT G. H. Dietz‘ (by letter).— 
The Larson-Miller equation is an in- 
triguing one which appears to have a 
considerable body of data on metals to 
support it. Some such equation, by 
which short-time tests at elevated tem- 
peratures could be extrapolated to longer 
periods at normal temperatures would be 
highly desirable in the use of reinforced 
plastics, and the Larson-Miller equation 
may be applicable. The writer knows of 
no data which will either support or deny 
the hypothesis. The field of reinforced 
plastics is so new that test data, particu- 
larly those extending over long periods, 
are fragmentary. 

The rather abiupt changes in the com- 
pressive stress-K curves for certain lam- 
inates at various temperatures may 
possibly result from the structure of the 
laminates. In compression the strength 
properties are to a large extent dependent 
upon the ability of the resin to support 
the reinforcing fibers against buckling 
under compressive stress. At elevated 
temperatures there may well be sufficient 
softening and weakening of the resin to 
permit early buckling of the fibers and 
thereby result in a lowering of the rup- 
ture stress. There may be some critical 
temperature region in which such weak- 
ening occurs rapidly. 

Messrs. S. S. MANSON AND W. F. 
Brown, Jr.® (by /eiter).—In attempting 


4 Professor of Building Engineering and Con- 
struction, Massachusetts Institute of Technol- 
ogy, Cambridge, Mass. 

5 Lewis Flight Propulsion Laboratory, Na- 
tional Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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to apply the Larson and Miller time- 
temperature parameter to stress-rupture 
data determined for several plastic lam- 
inates, Mr. Goldfein has implied some 
broad generalizations regarding the use 
of this time-temperature relationship 
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Regarding the first criterion, it should 
be noted that in general the data points 
fall into isolated groups corresponding to 
the various temperatures investigated. 
In such a case, any arbitrary parameter 
will yield a plot through which a single 
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K = (T+460) (100 + log t) X105 
Fic. 13.—Rupture Stress for Compression Tests on Several Plastics Plotted Against the Parame- 


ter (T + 460) (100 + log #). 


which are not justified by the limited 
data available. 

Apparently the author has based his 
arguments for the possible application of 
the parameter to plastics on two criteria: 
(1) a single curve can be drawn through 
the various groups of points when stress 
is plotted as a function of K = T (20 + 
log ¢) and (2) the extrapolated 5-yr rup- 
ture stresses obtained by the use of the K 
curves agree with those obtained by the 
linear extrapolation of the rupture-stress 
versus time plots. 


curve may be drawn. For example, the 
compression data (Fig. 8) for Plaskon 
920, Stypol 16B, and Selectron 5003 are 
replotted in the accompanying Fig. 13 
using the rather unreasonable parameter 
T(100 + log #). A single curve can still 
be drawn through the points and on the 
basis of this criterion there would be 
little reason to select either parameter as 
superior. However, it is obvious that the 
predicted behavior of the material over 
the entire range of time, temperature, 
and stress would be entirely different, 
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depending on the parameter selected. 
Only in cases where there is overlap of 
data (a given stress range on the K curve 
should be established by tests at several 
temperatures) is the criterion of all points 
fitting a single curve valid. The author’s 
data do not possess such overlap. 
Regarding the second criterion, the 
fact that the two methods of extrapola- 
tion yield the same result does not prove 
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still passing through the data equally 
well. Thus, the accompanying Fig. 14 
shows an alternate K curve for Selectron 
5003 tested in compression which yields 
a 5-yr rupture stress at 80 F 52 per cent 
lower than that obtained by extrapola- 
tion of isothermal data. 

The most convincing way to evaluate 
an extrapolation method is to check it 
against experimental data obtained in 


that either method is correct. Actually, 
the agreement in several cases is not as 
good as implied by the author. Thus, it 
should be noted for Stypol 16B in tension 
(Fig. 3) that while the two methods are 
less than 10 per cent different in stress 
at 80 F, the 5-yr rupture stress predicted 
by the K curve (Fig. 9) is greater than 
the 1000-hr rupture stress at this tem- 
perature as established by the data. In 
the case of Selectron 5003 tested in either 
tension or compression, the K curves 
(Figs. 11 and 12) could be drawn to yield 
appreciably different 5-yr results while 


40000 
30000 
| 
Ts k= 13.35X10%, 
psi 
20000 t 
From Author's Fig.l2 
10000 los 10.8X103 psi 
93000 t 
= 8000 
& 7000 
6000 INQ 
5000 
4000 
3000 
10 T 12 13 14 15 16 


K=(T+460) (20+1og t) X 105 


Fic. 14.—Comparison of 5-yr 80 F Rupture Stresses for Selectron 5003 Tested in Compression 
Obtained by Drawing Two Alternate K Curves Through Data in Fig. 12. 


the region of extrapolation. This cannot 
be done in this case, since there are no 
data for rupture times over 1000 hr. 
There is no assurance that the isothermal 
curves would maintain the same shape at 
extremely long rupture times as they 
exhibit in the investigated time range. 
In fact, the linearity assumed by the 
author to long rupture times seems highly 
unlikely in view of the data for metals 
which in general exhibit increasing slope 
of the isothermals with increasing rup- 
ture time and also in view of the fact that 
the high-temperature data for Plaskon 


: 
: 
- 
‘he { 
‘on 
13 
ter 
till 
he | 
be 
as 
che 
yer 
re, 
nt, ; 


920 exhibits such curvature. In the ab- 
sence of long-time data some insight into 
the validity of the parameter might be 
obtained if data with considerable stress 
overlap would establish a single K curve. 
_As already pointed out, no such overlap 
exists in the author’s data. Furthermore, 
it has been shown®:’ that the Larson and 
Miller parameter has serious limitations 
in the correlations of creep and stress- 
rupture data for metals. 
Finally, it should be pointed out that 
the author’s suggestions regarding the 
- extension of application of this parame- 
ter to processes other than creep cer- 
tainly cannot be based on any interpreta- 
tion of the data reported in this paper. 
Mr. N. Lawrence (by let- 
ter).—With the rapid growth in the field 
of reinforced plastics and the expected 
growth in the future, to apply an existing 
theory for metals to the field of plastics 
appears useful. The problem of creep- 
rupture in plastics is one that has barely 
been touched upon, and yet is very im- 
portant if reinforced plastics are to be 
used in any permanent type of structure. 
It might, however, appear that this 
work is premature for two reasons. 
First, there is very little data with which 
to work. Second, on the whole, the exist- 
ing data does not fit into the correlations 
that are available. With respect to the 
former, only three laminates were tested 
in tension and compression. Unlike met- 
als, glass reinforced plastics have 
different properties in tension and com- 
pression. Thus, while Larson and Miller 
claim that their parameter will hold for 


6S. S. Manson and A. M. Haferd, “A Linear 
_ Time-Temperature Relation for Extrapolation 

of Creep and Stress-Rupture Data,’ Nat. Ad- 

visory Comm. Aeronautics TN 2890, March, 

1953. 

7§.S. Manson and W. F. Brown, Jr., ‘“Time- 

Temperature-Stress Relations for the Correla- 
tion and Extrapolation of Stress-Rupture 
Data,” Proceedings, Am. Soc. Testing Mats., 
Vol. 53, p. 693 (1953). 

8 Physicist, Engineer Research and Develop- 
ment Laboratories, Fort Belvoir, Va. 
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compression in metals, there is no posi- 
tive reason to suppose that the data on 
plastics in compression will correlate in 
the manner as the data for tension. Per- 
haps if more data were avilable, it would 
be possible to ascertain the validity of 
the results. 

The second criticism is that the com- 
pression data, in particular, does not 
form a continuous curve. The tension 
data might well be interpreted as a family 
of straight line on the stress versus K 
graph. It seemed possible that a correla- 
tion of the type proposed by Manson and 
Brown’ might be applied so that the 
tension data, at least, would yield a con- 
tinuous curve on which the points from 
different temperature ranges would 
overlap. The method of analysis proposed 
by Manson and Brown was used, as well 
as a modified form. The Manson and 
Brown equation was found to be unsatis- 
factory because at some temperatures the 
stress versus the log time relationship was 
linear, and at other temperatures it was 
nonlinear. The Manson and Brown equa- 
tion cannot be used to correlate such 
data because of its inherent characteris- 
tics. 

The equation has the form 


(T — T.)(log — log ta)* 
= A(log oa — log «)® 


and if the stress versus log time relation- 
ship is linear, it cannot be correlated to a 
function of log stress and log time with- 
out the use of an infinite series. 

It seemed possible, however, that with 
only a slight change in data a plot of log 
stress versus log time might also appear 
to be a straight line. That is the case due 
mainly to the fact that there is not much 
variation in the stress along the constant 
temperature lines. Even so, some data 
appears to be nonlinear at one tempera- 
ture and linear at another. Data of this 
nature cannot be correlated because, if 
the temperature is held constant at T = 
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T,, the slope of curve of log ¢ versus log 
a is 


d (log #) 
d (log 


If the ratio of 8/a is unity, the curve is a 
straight line, irrespective of the value of 
T,. If the ratio is not unity, there is 
curvature since both the first and second 
derivatives exist, irrespective again of the 
value of T, . Since @ and @ are fixed con- 
stants, the ratio of 8/a must either be 
unity or nonunity, and thus, linear data 
at one temperature cannot be correlated 
with nonlinear data at another tempera- 
ture. It became apparent that the Man- 
son and Brown equation was not applica- 
ble to this data. 

It was felt that perhaps a modifica- 
tion of the Manson and Brown equa- 
tion might be used to give fair results. 
Further attempts were made using stress 
versus log time, log stress versus log time, 
and stress versus temperature. However, 
no correlation was obtained that could 
be considered superior to either the work 
of Mr. Goldfein or a linear extrapolation 
by graphical means, where the data al- 
lowed it. 

Mr. S. GoLpFEIN (author’s closure).— 
The purpose of this work was to achieve 
a reasonable approximation of what 
could be expected in the way of rupture 
stresses in glass-fiber reinforced plastics 
(GRP) over long periods of time at room 
temperature. By “reasonable approxima- 
tion” is meant agreement within 10 per 
cent. “Long periods of time” are inter- 
preted to mean periods up to 5 yr. 
“Room temperature” is taken to mean 
80 F. By “achieving” is meant the rapid 
evaluation of many specimens without 
tying up expensive equipment for more 
than a few weeks. Application of the 
Battelle data to the formula by Larson 
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and Miller was a first attempt in this 
direction. 

Van Echo and Simmons have reported 
that values of 1to7 for C gave good agree- 
ment. Manson and Brown have shownin 
Fig. 13 that a value of 100 forC produced : 
smooth curves. Analysis of some of these | 
curves showed that they also gave good 
agreement when the temperature differ- 
ential was small (100 to 200 F) and the 
time factor was as large as 5 yr. We found 
that a value of 20 for C produced good 
agreement in most cases. Larson and 
Miller showed that the scatter of points 
on the parameter is insensitive to changes 
in C. They also showed that C was rela- 
tively independent of stress. By plotting 
log ¢ against the reciprocal of the abso- 
lute temperature for constant 
straight lines were obtained. When 
1/T = 0, the value of log ¢ equals —C 


? 

which is an ordinate intercept. Regard- aa 
less of the stress, the value of log ¢ at 

1/T = 0 is the same. Changing the value _ 

of C changes the value of the intercept 
resulting in raising or lowering the curve — 
and the relation of K to the rupture 
stress. It does not change the relationship 
between rupture stress, time, and tem- 
perature provided the curve is fairly 
linear in the case in question. Most of 
the master curves with which we are 
concerned are linear in the temperature 
range 80 to 300 F and time range of 5 yr 
down to a fraction of a second. 

The instability of GRP at elevated 
temperatures over long periods of time is 
well known. There is no necessity, how- 
ever, for conducting tests at elevated 
temperatures for long periods of time to 
determine long-time data at room tem- 
perature. For example, the K value for 
5 yr at 80 F = 13,350. At what tempera- 
ture should the test be conducted if the 
time period is one hour? ero. 


13 350 = T (20 + log 1) 
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= 667.5 R = 208F 
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At this temperature, in one hour, there 
is no effect on the laminate or plastic. 
Actually, the time could be shortened to 
2 to 10 min if desired, and a static test 
could be run on standard test equipment. 
The theoretical basis for such static tests 
will be shown in a later paragraph. 
It is not clear why Van Echo discusses 
how widely variable GRP can be fabri- 
- cated. It has no significance since in all 
scientific investigations it is understood 
that the purest, most uniform materials 
should be used in order to obtain results 
' which can be duplicated. He states that 
_ “as much as 100 per cent variation has 
been found to exist in one laminate from 
one lot to another.” Fortunately, he did 
not use those specimens for the work re- 
ported in USAF Report No. 6172 (1). He 
presented acceptance data as follows: 
Plaskon 920 laminate, compressive 
strength, 34,900 psi 
(Maximum deviation from average 
+14 per cent) 
Stypol 16B laminate, flexural strength, 
35,000 psi 
(Maximum deviation from average 
+5, —6 per cent) 
Selectron 5003 laminate (no data pre- 


sented) 
It is of interest to note, however, that 
; closer agreement was obtained, as is 
shown in Table II, with Stypol 16B lam- 
7 inates (5 to 6 per cent deviation in 


strength than with Plaskon 920B lam- 

inates (14 per cent deviation). 
_ There is nothing mysterious about 
time. It is what happens during any 
given time period that is of any signifi- 
cance. For example, scientists do not 
hesitate to extrapolate half-life decom- 
position data from radioactive carbon 
and uranium to thousands and billions of 
years, respectively, because the factors 
which can affect the structural break- 
down of these elements are known. We 
do know, for instance, that such factors 
as crystal growth, oxidation, diffusion, 
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tempering, overaging, strain sensitivity, 
changes in chemical structure, etc., do 
affect the strength of the alloys described 
by Larson and Miller in the temperature 
ranges in question. 

We appear to have a much simpler 
problem in dealing with GRP. The fac- 
tors to be considered are oxidation, 
chemical and physical decomposition at 
elevated temperatures, and continued 
polymerization at room and elevated 
temperatures. Extensive tests by the 
Bureau of Standards and other agencies 
have indicated that one of the chief vir- 
tues of GRP is their resistance to oxida- 
tion and corrosion and their stability 
under normal conditions. I have already 
demonstrated that chemical and physical 
decomposition are not factors in the 
temperature range in question. It has 
been shown, however, that glass rein- 
forced plastics do continue to polymerize 
and become stronger with time at both 
room and elevated temperatures, if they 
have been cured at room temperature 
initially. If properly catalyzed, GRP 
fabricated with polyester resins ordinar- 
ily achieve maximum strength if cured 
at 250 F for 15 min. (Mold heat-up time 
may add 15 to 30 min to this time de- 
pending on material and design.) Thus, 
GRP fabricated at room temperature 
should be given an after-cure to bring 
them up to maximum strength. 

A report (4) on rupture and creep 
properties of GRP known for their stabil- 
ity at high temperatures added informa- 
tion to the subject. Plastics DC2104, 
CTL 91LD, and PDL-7-669 were used 
to fabricate the laminates. Data taken 
from this report and plotted (accom- 
panying Figs. 15, 16) using the Larson- 
Miller parameter gave close results in 
most cases when it was possible to extra- 
polate the time-stress curves. This was 
not always possible since they were 
curved in many instances. 

The master rupture curves, Figs. 15 


100 000 — 


‘4 
if 
| 
| | 
| 
t 


“IST “ON 403 30] 0z) ainjdny “Oly "ON 403 Zo] -+ ainjdny “Oly 
02) 4 (4 601+02) 4 
00022 00002 0008! 0009! O00Z! OOOO! 00022 00002 0008! C009! O00Z! OOOO! 


000! 000 | 


TICS 


699-L-10d x 
1199 
90 


isd 


isd ‘yyBuess eaissesdwod 


: 
A 


699~-2~- 10d x 
167199 
Ge 


ain 
| | 
| 


and 16, for the silicone DC-2104 lam- 
inate® show decreases and then increases 
and.then decreases again in slope if the 
points are followed religiously. The other 
curves are much smoother flowing and 
are similar to the curves in my paper 
with the exception of the Plaskon and 
Selectron compression curves in Figs. 8 
and 12. An explanation is offered for 
these irregularities. On p. 28 of the paper, 
the comment is made: “It seems that if 
the material (DC-2104) can withstand 
the applied stress for a short period of 
time, 0.1 hr, it becomes strengthened, 
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very possible that incomplete cure, or 
some other defect resulting in the same 
condition, is responsible for the shape of 
the Plaskon 920 and Selectron 5003 
compression curves. Both the tensile and 
compressive curves for DC-2104 show 
the same irregularities. The tension curve 
of the Plaskon 920, on the contrary, was 
smooth while the compression curve was 
irregular. The records indicate, however, 
that the compression and tension speci- 
mens were taken from different lam- 
inates. It is possible, therefore, that the 
tension specimens were cured satis- 


TABLE III—RESULTS OF CORRELATION OF OVERLAP DATA. 


Laminate Type of Stress Time, hr K of Master 
Fahr Stress - Rupture |per cent 
Curve, psi Curve, psi 
Stypol 16B Tension 300 100 16 720 | 24 000 Fig. 3 24 000 0 
80 600 12 280 24 800 +3 
Stypol 16B Compres- 300 1000 17 450 8 000 Fig. 4 8 000 0 
sion 500 0.0024 | 16 500 9 900 | +24 
(8 sec) 
Plaskon 920 Tension 80 23 11 520 | 29 500 Fig. 1 29 500 0 
200 0.00003; 9 750 29 800 +1 
(0.1 sec) 


perhaps by additional curing, and will 
sustain the applied load until the test is 
discontinued.” On p. 29, the conclusion 
is made: “These three special tests seem 
to indicate that the DC-2104 material 
had not been cured sufficiently in manu- 
facture to attain its maximum strength.” 
Comparison of the Plaskon 920 com- 
pression curve in Fig. 8 with the DC- 
2104 curves in Figs. 15 and 16 carries 
forcibly to our attention the close re- 
semblance between the two sets of 
curves. The Selectron 5003 curve also 
shows close resemblance to the DC-2104 
curve, but it is incomplete. It appears 

J. A. Van Echo, et al, “High Temperature 
Creep-Rupture Properties of Glass-F abric-Plastic 


Laminates,’ Wright Air Development Center 
Technical Report 53-491, Dec. 1953. 


factorily, while the compression speci- 
mens were not. The Selectron specimens 
were taken from the same laminate, but 
the tension curve is so short it is im- 
possible to discern the true trend. 

The report by Manson and Brown’ on 
correlation and extrapolation of stress- 
rupture data on steel alloys was critical 
of the Larson and Miller parameter, and 
suggested instead another method. This 
method comprised an extremely com- 
plicated form of curve fitting, the theory 
upon which it was based being quite 
nebulous. An attempt to use the method 
failed both because of lack of sufficient 
data and general unsuitability. Mr. W. 
Lawrence has made a study of the work 
and has discussed it above. While it is 
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beyond the scope of this discussion to 
discuss the relative merits of the Larson- 
Miller parameter and the Manson-Brown 
method in great detail, it was found that 
wherever the former pa-ameter departed 
from the correct results by an appreci- 
able amount, it was invariably due to a 
change in physical structure occasioned 
by the heat treatment. The parameter 
should not be required to form one con- 
tinuous curve for widely different ma- 
terials. 

In reply to Manson and Brown, it is 
true that any arbitrary parameter will 
yield a plot through which a single curve 
may be drawn. Emphasis on the smooth 
curves was made to distinguish them 
from the connected series of lines which 
represented the master rupture curves of 
the metals. Usually, the former type of 
curve has more validity and is more 
natural than the latter type. 

No overlap of data has been presented 
in the paper. An examination of curves 
revealed that most of them were too far 
away from each other to permit such 
data to. be obtained. It was possible, 
however, to obtain data from some of 
them. The results are shown in Table III. 

The tension data from Stypol 16B in 
Fig. 3 and the accompanying Fig. 20 was 
the only scource of direct data available 
without resorting to extrapolation. The 
results were excellent, since the agree- 
ment was within 3 per cent. The charge 
might be made, however, that the master 
curve in Fig. 9 is almost level in the 80 to 
300 F range or that any K value between 
11,000 and 17,000 would give the same 
result. This should not be blamed on the 
curve since it only reflects the properties 
of the material. Actually, such a low slope 
is required by the properties of the ma- 
terial. The data on compression for Stypol 
16B is even more interesting. In order 
to obtain overlapping data, the 500 F 
curve in Fig. 4 was extrapolated back- 
wards in time until it crossed the 8000 
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psi stress level (accompanying Fig. 17). 
This occurred in the neighborhood of 
0.0024 hr, or 8 sec. The agreement was 
very good (+24 per cent) considering 
that it was extrapolated 4 decades and 
that the resin had evidently undergone 
some decomposition in 1000 hr at 300 F. 
If this extrapolation was made forward 
it would represent a period of 2000 yr. 
In addition, the master curve had a steep 
slope (Fig. 8). The third correlation was 
the tension data of Plaskon 920. Here, 
again, the time-stress curves were extra- 
polated backwards (accompanying Fig. 
18). A common stress level of 29,500 psi 
was used for the 80 and 200F curves. 
The latter was extrapolated to a time of 
0.00003 hr or 0.1 sec. This represented an 
extrapolation forward of one more decade 
than the Stypol B compression data. The 
K value for the 200 F, 0.1 sec extrapola- 
tion was 9750 which was off the master 
rupture curve (accompanying Fig. 19). 
The curve in this region, however, is al- 
most a straight line and was extrapolated 
backwards to obtain the required rup- 
ture stress. The agreement was +1 per 
cent. 

The time element involved in the ex- 


ample given (Stypol 16B) was 8 sec. This ; 


is a little fast, but might be considered a 
“static” test. In the case of Plaskon 920, 
the time period was 0.1 sec. This may be 


considered impact, for all intents and - 


purposes. Thus the parameter may be 
applied to other “processes” than creep. 
There is a question, however, of whether 
there is any fundamental difference be- 
tween the three processes (creep, static, 
impact). Maxwell and Harrington” found 
in their work with methyl methacrylate 
on the effect of velocity on tension im- 
pact properties, that there was no differ- 


10 B. Maxwell and J. P. Harrington, “The Ef- 
fect of Velocity on the Tensile Impact Properties 
of Methyl Methacrylate,” Technical Report 19A, 
Plastics Laboratory, Princeton University, to 
Signal Corps on Contract DA-36-039-SC-133. 
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ence between static and impact phe- 
nomena. They showed in this work 
that high and low rates of loading are 
related and that the impact test is really 
only a special case of the slow rate or 
“static test.” Their work investigated 
the fundamental processes related to im- 
pact and static phenomena, and included 
experimental data which confirmed their 
theories. If there is no fundamental 
difference between static and impact 
processes, there can surely be none be- 
tween creep and static processes. The 
master rupture curves thus allow the 
presentation of the complete rupture 
characteristics of a laminate on a single 
curve. Static tests, which are the most 
accurate and economical to conduct, may 
be used to prepare the master rupture 
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DISCUSSION ON STRESSES IN REINFORCED PLASTICS 


Finally, as I concluded in the paper, 
“the degree of accuracy is not known be- 
cause no long-time data are available as 
a check.” The Bureau of Ships has let a 
contract to the Forest Products Labora- 
tory to determine the “Effects of Long- 
Term Loading on Glass Reinforced 
Plastics” (Project NS-034-045, Subtask 
30). The objective of this study is to 
“obtain creep and stress-rupture data on 
typical reinforced plastics for loading 
periods up to about 5 yr.” We have ar- 
ranged to obtain samples of the lam- 
inates with which they are working in 
order to set up master-rupture curves 
according to the Larson-Miller parame- 
ter. The results from this work will be 
checked with the results obtained from 
the long term tests. This work should be 
completed some time in 1958. 


an 


‘ 


& 


| 
= 
8 
— 
a 


Most available information on plastic 
stress-strain relations for materials sub- 
jected to combined states of stress have 
been determined for biaxial tension- 
tension or tension-compression stresses. 
Very little information is available on 
the influence of triaxial states of stress 
on the plastic stress-strain relations. 
Most of the information that is available 
is of a qualitative nature. 

It is important to obtain information 
on triaxial plastic stress-strain relations 
in order to determine both the influence 
of such stresses on the mechanical 
properties and to evaluate the validity 


* Presented at the Fifty-seventh Annual 
Meeting of the Society, June 13-18, 1954. 

1 Department of Engineering Mechanics, The 
Pennsylvania State University, State College, 
Pa. 


A NEW TRIAXIAL STRESS TESTING MACHINE FOR DETERMINING 
PLASTIC STRESS-STRAIN RELATIONS* 


SYNOPSIS 


- By H. A. B. WIsEMAN!' AND JOSEPH Marin! 


ow, 


This paper describes a new machine for testing metals under triaxial stresses. 
The stresses applied consist of two equal compressive principal stresses with 
the third principal stress either tension or compression. These triaxial stresses 
are produced by subjecting a cylindrical specimen to radial hydraulic pressure 
and axial tension or compression. By means of these triaxial stress tests, 
mechanical properties of materials under various states of triaxial stresses can 
be obtained and triaxial plastic stress-strain relations can be determined. These 
tests also serve to check further the validity of plasticity theories used to pre- 
dict plastic stress-strain relations under combined stresses. 

This paper also describes a preliminary investigation dealing with plastic 7 
stress-strain relations for an aluminum alloy 14S-T6 subjected to the triaxial 
state of stress described. Each test was conducted with a constant ratio of the 
principal stresses, this ratio being varied from test to test to discover its effect 
on the plastic stress-strain properties. The test results show that the simple 
flow theory of plasticity is in approximate agreement with the test results. a? 


of theories defining the plastic stress- 
strain relations in metals. It appears 
highly desirable to determine the accu- 
racy of a theory of plasticity based on 
the general three-dimensional state of 
stress rather than the restricted two- 
dimensional states of stress used in the 
past. For this reason the investigation 
on triaxial stresses described in this 
paper was initiated. 


PREVIOUS INVESTIGATIONS 


Several investigations have been made 
in which triaxial stresses were produced 
by applying either an internal or external 
pressure to a_ thick-walled cylinder 
with closed ends. Bridgman (1)? investi- 

2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 1381. 
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gated the plastic triaxial stress-strain 
relations for several steels using thick- 
walled cylindrical specimens with closed 
ends subjected to external pressures. 
He found poor agreement between the 
simple flow theory of plasticity and test 
results for large strains. 


' 3 2 6 5 
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Although the foregoing test results, 
as well as others that have been reported 
using thick-walled cylindrical specimens, 
give useful information, they cannot give 
accurate plastic stress-strain data for 
triaxial state of stress. For accurate 
information on triaxial plastic stress- 
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Fic. 1.—Triaxial Stress Machine. 


1—plug. 2—testing vessel. 3—specimen. 4—pipe. 5—6-way connector. 6—pipe. 7—casting. 8—piston. 9—pressure 


vessel. /0—piston seat. /J—casting. 12—ram. 13—end plate. 


‘MacGregor, Coffin, and Fisher (2) 
subjected to internal pressure thick- 
walled, closed-end tubular specimens 
made of a 17S-O aluminum alloy. With 
this type of specimen plastic stress- 
strain relations for triaxial stresses were 
obtained. Discrepancies between the- 
ories and test results were also noted in 


Fic. 2.—Triaxial Stress Machine. 


strain relations, it is necessary to use a 
specimen in which the state of stress is 
essentially uniform throughout the spec- 
imen. In a thick-walled cylinder sub- 
jected to internal or external pressures, 
this uniform state of stress cannot be 
obtained. 

In order to investigate the influence on 
mechanical properties of triaxial stresses 


4 
| 


with a uniform state of stress, Bridgman 
(1) used solid cylindrical specimens 
subjected to axial tension or compres- 
sion and radial compressive pressure. 
The plastic stress-strain relations ob- 


1 Pump an 


tained in these investigations were re- 
stricted to axial strains; strains in other 
directions were not measured in these 
tests, so that the validity of plasticity 
theories could not be checked. Bridgman 
did, however, obtain considerable in- 
formation on mechanical properties of 
metals subjected to triaxial stresses. 


Part A—DESCRIPTION OF 


For applying radial compression and 
axial tension to a cylindrical specimen, 
a testing machine was developed con- 
sisting essentially of two high-pressure 
units. One of these pressure units is used 
to apply radial pressures, as well as an 
axial tensile load of a specific amount, 
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TRIAXIAL STRESS INVESTIGATION 


on ALuminum ALLoy 14S-T6 


In the following, a new type of tri- 
axial stress machine is described in which 
a cylindrica] specimen is subjected to i 


Auxiliary Pumping Unit. 


radial compressive pressures and axial 
tension or compression. In this manner, a 
triaxial state of stress could be obtained 
and the mechanical properties for such 
a state of stress investigated. For the 
first time (to the authors’ knowledge) 
plastic stress-strain relations were ob- 
tained utilizing measured values of 
both axial and tangential strains. 


TRIAXIAL STRESS MACHINE 


whereas the second pressure unit is 
employed to control the magnitude of the 
axial tension or compression. Figures 1 
and 2 show, respectively, a schematic 
drawing and a photograph of one of the 
pressure units of the triaxial machine. 
The numbers designating the component 


6 


Ao 
parts of the machine are the same for 
both figures. 

The specimen, 3, is placed in the test- 
ing vessel, 2, in such a manner that the 
right-hand side of the specimen is fixed, 
whereas the left-hand side is free to 
move in its axial direction. A Bosch 
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8, increases the pressure of the fluid in 
the vessel, 9. This pressure vessel is 
connected by thick-walled tubing, 4 and 
6, to a testing vessel, 2. The oil pressure 
applies radial compressive forces to the 
cylindrical specimen. In addition, this 
pressure, acting on the collar attached 


Fic. 4.—Specimen and Assembly for Triaxial Tests. 


pump, /4, shown in Fig. 3 pumps oil 
against a ram, /2, in Figs. 1 and 2. The 
ram transmits the force through a hard- 
ened steel piston seat, 10, to a piston, 
8. Since the piston area is much less 
than that of the ram, the pressure on the 
specimen is much greater than that 
delivered by the Bosch pump. The ratio 
of the area of the ram to that of the 
piston gives a measure of increase in 
pressure. The movement of the piston, 


$0 by 28 Thds 
2 
3% 
#2 28 Thds perin. 88 
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to the end of the specimen, produces 
an axial tensile force L in the specimen 
(Fig. 5). In this way two equal com- 
pressive principal stresses and a tensile 
principal stress can be applied to a test 
specimen. For tests in which it is neces- 
sary to vary the ratio of the axial tensile 
stress to the radial compressive stresses, 
a second pressure unit is used to apply 
axial compression. 

Between the tubes, 4 and 6, there is a 
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6-way connector, 5, by which various 
electrical leads are brought out of the 
high-pressure testing vessel, 2. This is 
necessary since various electrical strain 
and pressure measurements must be 
made within the vessel during the testing 
of the specimen. 

Figure 2 also shows a Bourdon tube 
type pressure gage, 15. This gage has a 
capacity of 100,000 psi and is used for 
pressure measurements with tests in 
which the maximum pressure does not 
exceed 100,000 psi. 


SPECIMEN 


Figure 4 shows details of the specimen 
and auxiliary parts. It can be seen that 
one of the heads of the specimen is 
made larger than the other. This is done 
in order to fix the large head in the 
testing vessel and allow axial movement 
of the small head. The fixing of the large 
head in the testing vessel is accomplished 
by placing the smaller head of the speci- 
men in a sleeve, with the large one 
butted up against the end of the sleeve. 

The sleeve has mounted on it two 
SR-4 strain gages. This sleeve was cali- 
brated using a series of compressive 
loads applied by a universal testing 
machine. Compressive loads applied on 
the sleeve through the large head of the 
specimen can be determined from the 
SR-4 gage readings during a test. 

The smaller head of the specimen is 


On Prastic StRESS-STRAIN RELATIONS 


placed as shown in Fig. 4. Since this — 
head is free to move in the sleeve, and _ 
since it also must not allow any passage 
of oil between it and the sleeve wall, it 
must be sealed in some manner. For this 
purpose Koroseal rings are mounted as 
shown in Fig. 4. However, since this 
specimen head must be able to move, the 
Koroseal rings may produce considerable 
friction between the specimen head and — 
the sleeve wall. The effective total force 
on the test section of the specimen will 
therefore depend upon both the pressure 


P 


1 Pees 
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and friction between the specimen head 
and sleeve wall. 

The method employed to evaluate the 
frictional force can be explained by the 
use of the free body diagrams shown in 
Figs. 5(a) and (0). 

In Fig. 5(6), T is the thrust load 
acting on both the fixed end of the speci- 
men and the end of the sleeve. As pre- 
viously explained, this thrust load is 
measured by the use of SR-4 gages. To 
determine the force Z in the specimen 
and the friction force F in terms of the 
known diameters d;, dz, and d3 and pres- 
sures ~; and 2, two equations of equi- 
librium for the forces acting in Figs. 
5(a) and (6) can be written: 

2 3 = 2 
a) 
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It can be seen by Eqs 1 and 2 that 
there are only two unknown quantities, 
L and F, and since there are two equa- 
tions available these forces can be 
evaluated. It is actually not necessary 
to compute the value of F, the frictional 
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Soft Steel 


The large piston, /2, has an 8-in. 
stroke and is part of a standard com- 
mercial hydraulic jack. The small piston, 
8, operates in a special cylinder, 9, hav- 
ing an external diameter of 10 in. and an 
internal diameter of about ? in. To 


Piston 
ForSizes? | 


Hardened Steel 


Note: Sizes shown are Finished 
Sizes make as Follows 

2Piston+Head 0.7525° x4 

2Piston+Head 0.75259 X5 


“Round these Edges 


2Piston+Head 0.7498° x 4 


4a5 
% 
= 3 
Y Same Dimension} 
Z as Piston 
on 
$3 
$f 
+) Seat 
8 
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force, since only the force L is required 
for calculating the axial stress in the 
specimen. However, values of F were 
obtained in order to have some idea of 
their magnitudes. 


A pplication of Load: 


To develop the large pressures re- 
quired, a stepped piston, 8 and /2, is 
used as previously explained and as 
shown in Fig. 1. This piston is in two 
parts, one being 5} in. in diameter 
and the other about 0.75 in. in diameter. 
By means of the stepped piston, a pres- 
sure applied to the large piston is magni- 
fied by the ratio of the area of the large 
piston to that of the small one or by 


about 54 times. wT 


2Piston+Head 07498°Xx 5 
Tolerances for Pistons+Heads 
+ 9.9999 
-0.000 


Head 


Fic. 6.—Piston and Assembly. 


provide an effective seal under extremely 
high pressures, an arrangement using a 
Bridgman type of packing was employed 
(Fig. 6). In order for the small piston 
to withstand the high stresses developed, 
it was made of a tool steel, heat treated 
to its maximum hardness, and not 
tempered. 

The most important feature of the 
step piston arrangement is the align- 
ment of the two pistons with their 
respective cylinders. Since the small 
piston must be made extremely hard, the 
steel in this condition is not capable of 
withstanding any appreciable amount of 
tensile strain. Therefore, no bending 
must occur in the small piston, and the 
alignment of the small and the large 
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pistons must be exact. This requires 
very close tolerances during the machin- 
ing processes and during assembly. In 
order to help this alignment, the pres- 
sure vessel (9 of Figs. 1 and 2) and the 
hydraulic jack containing the large 
piston, /2, are mounted between cast- 


Fic. 7.—Pressure Control Panel. 
ss: 16—-d-c motor. 18, 19—gages. 20, 2i—control valves. 24—d-c motor generator set. 25—gage. 26—rheostat. 


ings, 7 and 11, and an end plate, 13, 
that were specially machined to the 
same outside diameter. The whole unit 
was then placed horizontally on the ways 
of a lathe bed (Fig. 2), which was used 
since the ways on such a base are prob- 
ably as parallel as possible. Figure 2 
does not show the casting (7 of Fig. 1) 
so that the testing vessel, 2, and the 6- 
way connector, 5, can be shown more 
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In order to test specimens subjected 
to various ratios of the axial to the 
radial stresses, a second pressure in- 
tensifier was built as described above 
(Fig. 1). The second pressure intensifier 
is also arranged on the same lathe bed 


The maximum hydrostatic pressure 
that can be developed with equipment 
similar to that described is about 500,000 
psi. The development of higher hydro- 
static pressures has been limited by the 
fact that for higher pressures all liquids 
are in a solid state and thus incapable 
of transmitting true hydrostatic pres- 
sures. For these extreme pressures the 
fluid used is a mixture of equal parts of 
isooctane and isopentane. a 


1372 


To design pressure vessels to with- 
stand pressures of the order of 500,000 
psi, it was necessary to obtain steels of 
the highest quality. The required me- 
chanical properties of the materials to 
be employed could best be obtained by 
the use of alloy tool steels. In order to 
insure maximum soundness throughout 
the steel, all the tool steels used were 
forgings, and upset forgings were used 
where larger pieces of steel were re- 
quired, thus further insuring soundness 
throughout the metal. 

To develop and employ pressures of 
the order of magnitudes stated above, 
it is necessary to use thick-walled vessels 
and containers. Experience has shown 
that cylinders having a ratio of external 
to internal diameter of about ten is 
satisfactory. Sometimes it is necessary 
to use prestressed cylinders, usually 
produced by shrinking one cylinder onto 
the other. 

The testing vessel built for this ma- 
chine is 12 in. long with an outside 
diameter of 10 in. and an internal diam- 
eter of 1 in. The length of the test section 
is about 5 in. The testing vessels were 
heat treated and tempered to a hardness 
of about Rockwell C46 on their outside 
surface. For the steel used, this allows 
maximum toughness to be developed. 


Low-PRESSURE SYSTEM 


To develop the pressures required to 
drive the large piston (12 of Fig. 1), 
an American Bosch fuel injection pump 
was modified and used (/4 of Fig. 3). 
This pump has eight plungers with 
diameters of 0.3 cm each. To control 
the speed of operation of this pump, it 
was coupled to a d-c motor (18 of Fig. 
7) through a pulley system (17 of Fig. 3). 
Figure 3 is a photograph showing the 
apparatus on the back of the operation 
panel seen in Fig. 7. The power for the 


d-c motor is supplied by a special motor 
generator set. The pressure from the 
pump is measured on the Bourdon type 
pressure gages, 18 and 19, and is con- 
trolled by valves, 20 and 21, that meter 
the flow of fluid past a needle valve. 
By opening or closing the needle valve 
the flow from the pump can be con- 
trolled and in this manner the pressure 
can be varied. The original pressure 
developed by this pump was about 1500 
psi. By the arrangement used here, the 
pressures developed are up to about 
10,000 psi. 

An auxiliary pumping unit (22 of 
Fig. 3) capable of developing about 
1000 psi is used to supply the Bosch 
pump with fluid and also to prefill the 
system. This auxiliary pumping unit is 
used since its output is about 3} gal 
per min at 1000 psi, compared to that 
of the Bosch pump of about 0.15 gal per 
min. The auxiliary pump, driven by a 
28-v d-c motor (23 of Fig. 3), was 
originally employed to drive a gun 
turret in an airplane. The power is 
supplied to this motor by a special 
motor generator set (24 of Fig. 7). The 
pressure of the auxiliary pump is meas- 
ured by a Bourdon pressure gage, 25, 
and is controlled by a rheostat, 26, which 
in turn controls the speed of its driving 
motor (23 of Fig. 3). 


Measurement of Pressure: 


A primary gage capable of measuring 
the high pressures directly has not as 
yet been developed. An example of a 
primary gage is a free floating piston 
upon which weights of known magnitude 
can be placed. Knowing the magnitudes 
of the weights and the diameter of the 
piston, the pressure can be calculated. 
It is called free floating, because in 
order to measure the pressure accurately 
there must be no friction between the 
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piston and its cylinder wall. There is, 
however, a limit to the capacity of this 
type of gage since, under higher pres- 
sures, leakage past the piston walls 
becomes excessive and does not permit 
the building up of pressures above some 
limit. The maximum capacity free 
floating piston dead weight testing 
machine available today is 100,000 psi. 

A secondary gage is one that is cali- 
brated against a primary gage and then 
used with this calibration on the required 
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that the extrapolated relationship con- 
tinues to remain linear. Bridgman (3) 
has checked the accuracy of this method 
for pressures up to 185,000 psi and has 
found the assumed linear relationship to 
hold within a few per cent. 
The manganin coils used in the appara- _ 
tus described herein were calibrated ona _ 
free floating piston dead weight testing 
machine of 50,000 psi capacity, and 
checked with a Bourdon tube type 
pressure gage of 100,000 psi capacity. _ 


-equipment. A Bourdon tube type of 
pressure gage is an example of a second- 
ary gage. For tests in which pressures 
do not exceed 100,000 psi, a Bourdon 
tube type pressure gage is available as 
shown as 15 in Fig. 2. 

The type of secondary gage used for 
pressures exceeding 100,000 psi is a coil 
of specially wound manganin wire im- 
mersed in the fluid of the high-pressure 
system. It has been found that the elec- 
trical resistance of manganin wire varies 
linearily with pressure. To measure 
pressure by use of manganin wire, a 
length of this wire is wound noninduc- 
tively into a coil and submerged in the 
fluid to be pressurized. This coil is 
calibrated up to the capacity of the 
tester with a free floating piston dead 
weight tester. The pressure resistance 
curve obtained is then extrapolated to 
the required range of pressures, assuming 
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Fic. 8.—Electrode Plug. 


Figure 8 is a drawing of the type of 
electrode plugs employed in the present 
work for the purpose of bringing elec- 
trical leads from within the test chamber. 

The electrode must be insulated from 
the walls of the container and yet must 
be able to withstand the pressures ap- 
plied to it. High pressures subject the 
insulating materials to severe stresses 
and often cause the extrusion of these 
materials and the electrodes. At times 
when the electrode pin itself fails sud- 
denly, it is ejected at extremely high 
velocities. Special shielding is therefore 
employed to prevent injury to person- 
nel in the event of such an occurrence. 


Measurement of Strains: 


Under certain types of constant stress 
ratio conditions where the pressure is 
applied to the test specimen (3 of Fig. 
1) only by one pressure intensifier, there 


is fluid only on one side of the movable 
head of the test specimen. It is then pos- 
sible to pass a straight length of drill rod 
through the plug (J of Fig. 1) and butt it 
against the movable head of the test 
specimen. The other end of the drill 
rod is placed in contact with the plunger 
of a specially mounted dial indicator. 


Part B—CONSTANT 
MATERIAL TESTED 


The material tested was an aluminum 
alloy designated as 14S-T6. The material 
was supplied in the form of extruded 
solid rod about 10 ft long and 1 in. in 
diameter. The normal composition, in 
addition to aluminum and normal im- 
purities, consists of 4.4 per cent copper, 
0.6 per cent silicon, 0.8 per cent man- 
ganese, and 0.4 per cent magnesium. 
The design and dimensions of the 
machined specimen have already been 
described. 

Plastic stress-strain relations for vari- 
ous constant values of the triaxial stress 
ratios were obtained using the triaxial 
stress machine described. 


CONVENTIONAL STRESS-STRAIN 
RESULTS 


The average conventional  stress- 
strain curves for various principal stress 
ratios and for axial and radial stress 
components are shown in Figs. 9 and 10. 
The values of the nominal radial stresses 
used are the same as the applied pres- 
sure. The values of the nominal axial 
stresses were determined with the aid 
of Eqs 1 and 2. Since it was found that 
the friction force was negligible, values 
of the thrust load T were not obtained. 
For the loading conditions used in these 
tests, pp = O and Eqs 1 and 2 reduce to: 
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The readable accuracy of this dial indi- 
cator is 0.0001 in. By this method the 
movement of the specimen head can be 
obtained and the over-all deformation 
of the test specimen determined. The 
influences of end effects of the specimen 
on the strains can be determined by 


calibration. 
> 


Therefore, the nominal axial stress is: 


Stress Ratio TEstTs 


The nominal strain corresponding to 
on 
1S: 


where Al is the plastic change in length 
and / is the original gage length. 

The radial strains are equal to the 
tangential strains and have a value of: 


where Ad is the plastic change in diam- 
eter and dp is the original diameter. 


Plastic Stress-Strain Results: 


To determine the plastic stress-strain 
relations, the changes in the dimensions 
of the specimens must be considered 
and the actual stresses and strains cal- 
culated. The value of the actual axial 
stress in terms of the nominal stress 
can be shown to be (4): 


oi (1 + (7) 


The radial stresses will remain, as before, 
equal to the applied pressure. 

The true strains will also be different 
due to the changes in dimensions. There 
are several possible ways of defining the 
true plastic strains. True strains cor- 


4 
4 4 
(5) 
= 
| 4 
ie where L is the axial load in the specime 
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responding to nominal strains ¢é2, 
and e; have been shown to be (4): 


3% 


and: 
= = In(l + @).......... (9) 


However, it has recently been indi- 
cated by Hu (5) that these definitions 
of the true strains may not be sufficiently 
accurate for certain stress conditions. 
For this reason Hu proposed the use of 
finite strains based on the geometry 
of the deformation. For the conditions 
of the present tests, these finite strain 
components in terms of the nominal 
strains can be shown to be (5): 


(és)? (10) 


= =&+ + (11) 

The actual stresses and both the true 
and finite strains used in plotting Figs. 
11 and 12 are those defined by Eqs 7 and 
11. 


Analysis and Discussion: 


A comparison of the flow theory of 
plasticity and experimental results was 
made by plotting the significant stress- 
strain relations as shown in Fig. 13. 

The flow theory of plasticity is de- 
scribed in detail in reference (6). It is a 
theory which expresses the plastic stress- 
strain relations for combined stresses in 
terms of the plastic stress-strain rela- 
tion in simple tension. In order to com- 
pare these theoretical and experimental 
values, it is convenient to describe 
combined states of stress and strain by 
so-called significant stress and strain. 
The significant stress and strain can be 
shown to be, respectively (4): 


V/2 a 
[(o1 — + (¢2 — o3)* + (63 — . (12) 
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and: 


te (13) 


For the loading conditions of the tests 
conducted, = = and Eqs 
12 and 13 reduce to: 


(14) 


= + (15) 


Both the true and the finite strains of 
Eqs 8 to 11 were used in plotting Fig. 13 
to indicate the differences in the signifi- 
cant stress-strain relations arising by 
using both true and finite strains. 

The calculations of the significant 
strains using both the true and the finite 
experimental values showed that they 
are almost identical and exhibit differ- 
ences only for the extreme strain values 
obtained from each test. Figure 13 can 
show only these extreme value differ- 
ences since the remainder of the curves 
coincide. By the flow theory all the rela- 
tions in Fig. 13 should coincide with the 
simple tension plastic stress-strain rela- 
tion. An examination of Fig. 13 shows 
that the agreement is within about 5 per 
cent, using the stress as a basis. 

In Figs. 11 and 12 the plastic stress- 
strain relations are compared with the 
values predicted by the flow theory. 
These results show that the flow theory 
gives a fair approximation to the test 


results. 


CONCLUSIONS 


For the Alcoa 14S-T6 tested and for 


triaxial stresses represented by com- 
bined radial pressure and axial tension, 
it can be concluded that the plastic 
stress-strain relations for combined 
stresses and constant stress ratios are 
approximated by the flow theory. The 
theoretical values are within about 10 
per cent of the experimental curves. 
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Mr. Pracer! (presented in 
written form).—In view of the authors’ 


use of the term “flow theory” for what 
is usually called a “deformation theory,” 
it is perhaps appropriate to define once 
more these terms which are due to A. A. 
Ilyushin.? A deformation (or finite) 
theory stipulates a relation between 


straining. A flow (or incremental) theory, 
on the other hand, stipulates a relation 
between small increments of stress and 
plastic strain; in the most general case, 
the coefficients in this relation depend on 
the history of loading or straining. As is 
well known, the predictions of the two 
types of theory are in agreement for con- 
stant stress ratio tests, so that the results 
of such tests cannot be considered as 
deciding in favor of one of these theories. 
_ There is abundant experimental evi- 
_ dence described in the literature that the 

results of constant stress ratio tests can 
be plotted so that the curves correspond- 
ing to different values of the stress ratios 
practically coincide. The authors’ re- 
sults add to this evidence. In this writer’s 


vot far too much effort has been 


devoted to the search for measures of 
effective stress and strain, such as the 


1 Brown University, Providence, R. I. 
2A. A. Ilyushin, ‘Relation Between the 
Theory of Saint Venant-Levy-Mises and the 
Theory of Small Elastic-Plastic Deformations,” 
Prikladnaia Matematika i Mekhanika, Vol. 9, 
& p. 207 (1945). 


DISCUSSION 


authors’ ¢ and é, which would improve 
the already good agreement, and the 
much more urgent (and difficult) exper- 
mental exploration of stress-strain rela- 
tions under more general conditions of 
testing has been comparatively neg- 
lected. 

Experimental evidence in favor of 
either the flow or the deformation theory 
can be obtained only from a test during 
which the stress ratios vary significantly.’ 
It is to be hoped that the authors will 
soon avail themselves of their new equip- 
ment to embark on a program of such 
tests. 

Mr. H. A. B. WISEMAN (author).—We 
have, since the time of this paper, cond- 
ucted some tests on the variable stress 
ratio tests, and we hope to publish the 
results in the near future.‘ 

As I mentioned, we can control the 
stresses in the triaxial directions rather 
well, and the reason for slowness in the 
results is that the extremely high pres- 
sures make it a little dangerous, and so 
it takes time to do this sort of work. 


3See D. C. Drucker and F. D. Stockton, 
“Instrumentation and Fundamental Experi- 
ments in Plasticity,” Proceedings, Soc. Experi- 
mental Stress Analysis, Vol. 10, No. 2, pp. 127- 
142 (1953). 

4J. Martin, L. W. Hu, H. A. B. Wiseman, 
and E. Paxton, ‘‘Research and Development on 
Plastic Flow of Metals,’’ Army Contract No. 
DA-36-061-ORD-368, Depts. of Engineering 
Mechanics and Engineering Research, The 
Pennsylvania State University, State College, 


Pa., July 16, 1954. 
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POSIUM ON ODOR 


The Symposium on Odor was held at the Tenth and Fifteenth Sessions of 
AS the Fifty-seventh Annual Meeting of the Society in Chicago, Ill., on June 

-_ 15, 1954. The object of the papers was to bring a status report of knowledge 
in the field of odor and its applications. The papers define terms, cover 
aspects of measurement, and deal with control. The Symposium was under 
: ' the sponsorship of Committee D-22 on Methods of Atmospheric Sampling 

and Analysis. 


The following papers were presented: 


Introduction—Amos Turk 

Odor: A Proposal for Some Basic Definitions—Edward Sagarin 

Catalytic Method of Measuring Hydrocarbon Concentrations in Industrial 
Exhaust Fumes—R. J. Ruff 

The Design, Construction, and Use of an Odor Test Room—Nicholas Dein- 
inger and Russell W. McKinley 

Organoleptic Appraisal of Three-Component Mixtures—A. Haldane Gee ad 

Odor Pollution from the Official’s Viewpoint—Charles W. Gruber 

Odor Control Methods: A Critical Review—Amos Turk 


These papers, with discussions, were issued as ASTM Technical Publica- 
tion No. 164 entitled “Symposium on Odor.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 
ON COAL SAMPLING 


The Symposium on Coal Sampling, sponsored by Committee D-5 on Coal 
and Coke, was held at the Second and Fifth Sessions of the Fifty-seventh 
Annual Meeting of the Society in Chicago, Ill., on June 14, 1954. Theories 
of sampling, the results of extensive practical tests, the variances of reduc- 
tion and analysis, and new techniques of mathematical statistics were taken 
up in the papers. 

The papers presented were: 


_Introduction—Arno C. Fieldner and W. W. Anderson 

7 The Development of the Theoretical Basis of Coal Sampling—W. M. Bertholf 

Some Recent British Work on Coal Sampling—R. C. Tomlinson 

Tests on the Binomial Sampling Theory—Jan Visman 

A Test on a Slotted Revolving Cylinder Coal Sampler—A. O. Blatter 

Tests of Accuracy of a Mechanical Coal Sampler—R. L. Coryell, F. J. Schwerd, 
and E. J. Parente 

Tests of the Geary-Jennings Sampler at Cabin Creek—W. M. Bertholf and 
W. L. Webb 

The Variances of Reduction and Analysis—W. W. Anderson and M. L. 
Sutherland 

Multilot Sampling—The Accuracies in Sampling of Large Coal Shipments by 
Application of the Variance Concept—T. A. Miskimen and R. S. Thurston 


The papers and discussions were issued as ASTM Special Technical Publi- 
cation No. 162 entitled “Symposium on Coal Sampling.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 
ON TEMPERATURE STABILITY OF ELECTRICAL 
INSULATING MATERIALS 


The papers and discussions in the Symposium on Temperature Stability 

of Electrical Insulating Materials, with the exception of “Electrical Proper- 

_ ties of Thermosetting Plastics at Elevated Temperatures,” by R. R. Winans 
and W. Hand, were presented at the Third and Sixth Sessions of the Fifty- 
seventh Annual Meeting of the Society held in Chicago, IIl., on June 14, 
1954. The paper by Winans and Hand was added later. The Symposium is 
an important part of the effort to develop generally accepted standards for 
determining the thermal stability of insulating materials. It was sponsored 
by Committee D-9 on Electrical Insulating Materials. _ 
The following papers were presented: 


Introduction—K. N. Mathes 

Measurement of Dielectric Properties at Temperatures Up to 500 C—A. H. 
Scott, P. Ehrlich, and J. F. Richardson 

Dielectric Measurements on Plastics at High Temperatures—Thomas Hazen 

Electrical Resistivity of Bonded Micaceous Materials at Elevated Tempera- 
tures—K. Wechsler 

Test Methods for Studying Thermal Stability and Heat Aging of Insulating 
Varnishes—A. H. Haroldson 

Thermal Stability of Insulating Fabrics—R. C. Bartlett 

Electrical Properties of Thermosetting Plastics at Elevated Temperatures— 
R. R. Winans and W. Hand 

Thermal Stability of Polyvinyl Chloride Insulating Compounds—R. C. 
Bartlett 

The Deflected Beam-Film Rupture Test Applied to Sheet Insulation—H. I. 
Morgan and K. N. Mathes 

Heat Aging Characteristics of Insulating Varnishes—H. I. Morgan and K. 
N. Mathes 

A Method for Evaluation of the Thermal Aging Stability of Flexible Sheet 
Insulation—R. M. Plettner and C. G. Currin 

Effect of Elevated Temperature on Silicone Varnished Glass Fabric for Elec- 
trical Insulation—O. E. Anderson 


These papers were issued as ASTM Special Technical Publication No. 161 
entitled “Symposium on Temperature Stability of Electrical Insulating 


Pre 
— 
| 
| | 
i> 
AS 
aterials. 
@ 
= 
1385 


SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 
7 ON DIESEL FUELS 


The papers in the Symposium on Diesel Fuels were presented at a meet- 
ing of Committee D-2 on Petroleum Products and Lubricants, held in 
Philadelphia, Pa., February 17, 1954. The Symposium was sponsored by 
Technical Committee F, on Diesel Fuels, of Committee D-2. Papers covered 
the diesel fuel supply and demand outlook, the various problems associated 
with the procurement and usage of diesel fuels, as well as a review of the 
diesel fuel specification requirements which have been investigated by Tech- 
nical Committee F. 


The Symposium included the following papers: 
Introduction—W. K. Simpson 
The Availability and Demand Outlook, Distribution, and Principal Properties 

of Domestic Diesel Fuels—C. M. Larson 
Diesel Fuel Specifications Requirements—C. C. Ward 
The Increasing Use of Furnace Oils for Diesel Fuel—Harold V. Messick 
Distribution and Storage Problems with Diesel Fuels—C. C. Moore and W. 
P. Lakin 
Survey of Diesel Fuel Oils Available at Roadside Filling Stations—William 
A. Howe 
Technical Problems Associated with Diesel Fuels in Contractors’ Equipment— 
J. W. Vollentine 
Technical Problems Associated with Diesel Fuels in Interstate Coach Opera- 
tion—W. A. Duvall 
_ Technical Problems Associated with Diesel Fuels in Railroad Operations—R. 
W. Seniff 
a Diesel Fuels in Marine Operations—C. E. Habermann 


These papers were issued as ASTM Special Technical Publication No. 167 
entitled “Symposium on Diesel Fuels.” | 
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SUMMARY OF PROCEEDINGS OF WASHINGTON 
NATIONAL MEETING 


During the 1954 Committee Week of the Society held in Washington, 
D. C., the following two Symposiums were presented. 


SYMPOSIUM ON DESIGN OF EXPERIMENTS 


The papers in the Symposium on Design of Experiments were given in 
the evening session on February 2, 1954. Mr. William R. Pabst, Quality 
Control Division, Bureau of Ordnance, U. S. Dept. of the Navy, acted as 
chairman. The Symposium was sponsored by Committee E-11 on Quality 
Control of Materials. 

The papers in the Symposium were: 


The Purpose of Experimental Design—W. G. Cochran 
An Engineering Application of Experimental Design—Bessie B. Day and F. 

R. Del Priori - 
Design of Experiments and Physical Sciences—W. J. Youden . 


papers wore not published. 


SyMPosIUM ON COLOR OF TRANSPARENT AND TRANSLUCENT PRODUCTS 


Sponsored by Committee E-12 on Appearance, the Symposium on Color 
_ of Transparent and Translucent Products was held in two sessions, morning 
_ and afternoon, on February 3, 1954. Dean Farnsworth, LCDR, MSC, 
USNR, Head, Human Engineering Branch, U. S. Naval Medical Research 
Lab., presided over the sessions. Mr. Deane B. Judd, Physicists, National 
Bureau of Standards, gave an excellent summary of the papers and was the 
discussion leader at the close of the afternoon session. 


The following papers were presented: Oo att 


Introduction—George W. Ingle 
The Determination of the Color of Petroleum Products—H. M. Hancock 


- and J. J. Watt 
q A Color Space for Color Grading Purposes—George W. Ingle 
Color Methods in the Brewing Industry—Irwin Stone 
_ Color Measurement and Control in the Sugar Industry—R. A. McGinnis 


Color Grading Agricultural Products—Wilbur Gould, Rees B. Davis, and ‘ 
James O. Mavis 

Colors of Transparent Liquids for Surface Coatings—Francis Scofield 

Color in Dairy Products—Mark Keeney | 

Summary—Deane B. Judd 


_ Thesepapers with discussions were published in ASTM BuL.etiy, Nos. 201 
and 202, October and December, 1954. The papers were also published as a 


combined reprint. - 
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Marin), 755. (R) Disc., 767. 
aluminum (Templin), 641. (R). 
design-level curves 
— procedure (Schuette), 853. Disc., 


failure criterion for multi-axial stresses (Stulen 
and Cummings), 822. (R). 
high-temperature sheet materials (Goldberg 
and Lombardo), 325. 
Prot method (Corten, Dimoff, and Dolan), 
875. (R) Disc., 895. 
Report of Comm. E- 9, 596. 
softening cold-worked ‘metals (Polakowski and 
Palchoudhuri), 701. (R) Disc., 713. 
stress in torsion and axial load (Findley), 836 
(R) Disc., 847 
testing machine 
of stress (Romualdi, Chang, and 
Peck). Published in ASTM Buttetm, 


Report of Comm. D-6, 434. 
ASTM Buttetin, No. 198, May, 7 
Fineness 


No. 200, Sept., 39 (TP165). 
titanium (Romualdi and D’Appolonia), 798. 
(R) Disc., 816. 
Report of Comm. D-13, 
Filler Metals 
stainless steel 
(TP123). 
Filter Block 
clay 
Report of Comm. C-15, 387. 
Finances 
wet sieve method (Kobliska and Rodenber- 
ger). Published in ASTM Buttetin, No. 
200, Sept., 46 (TP172). 
Fire Tests 


Fiberboard 
welding rod specifications. Published in 
Auditors’ Report, 63. 
eet of Comm. E-5, 591. 


and load machine (Roesli, Loewer, and 
repeated Published in ASTM BULLETIN, No. 
196, Feb., 50 (TP58). 
Fly Ash’ 
use as a pozzolan in concrete (Minnick), 1129. 
(R) Disc., 1159. 
Forging Ingots 
ultrasonic testing (Hafemeister). Published in 
ASTM Bu tet, No. 197, Apr., 52 (TP80). 
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heat of combustion and aniline-gravity (Jes- 
sup and Cogliano). Published in ASTM 
BuLtetin, No. 201, Oct., 55 (TP217). 
aviation 
dielectric constant 
proposed methods of test. Published in 
eb., 1955, Compilation of ASTM 
Standards on Electrical Insulating Ma- 
terials. 
diesel 
a oe on Diesel Fuels. Summary of 
roceedings of STP 167, 1386: 
available at roadside filling stations 
(Howe). 
domestic diesel fuels (Larson). 
furnace oils (Messick). 
marine operations (Habermann). 
problems in contractors’ equipment (Vol- 
lentine). 
problems in interstate coach operation 
(Duvall). 
problems in railroad operations (Seniff). 
specifications requirements (Ward). 
storage problems (Moore and Lakin). 
gasoline 
~ Report of Comm. D-2, 403. 
ility 
correlation of induction tests (Donahue). 
Published in ULLETIN, No. 
200, Sept., 61 (TP187). 
induction period (Power). Published in 
ASTM Botteti, No. 200, 58 (TP184). 


jet 
filterability 
proposed method of test. Published in 
Nov., 1954, Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants. 
mercaptan sulfur 
proposed method of test. Published in 
Nov., 1954, Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants. 


G t 
Gasoline, see Fuels. 
Gaseous Fuels 
Report of Comm. D-3, 418. 
Gillett Lecture 
Le of aluminum (Templin), 641. (R). 


Report of Comm. C-14, 385. 
textiles 
Report of Comm. D-13, 493. 
Grain Size 
refractaloy-26 


fatigue notch sensitivity (Toolin), 786. (R) 


Disc., 797. 
Report of Comm. B-5, 173. @ afex 
Grease 

Report of Comm. D-2, 403 
Gypsum 


Report of Comm. C-11, 374. 
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Hardness Testing 
Report of Comm. E-1, 542. 
Hiding Power 
paints (Switzer). Published in ASTM Butie- 
TIN, No. 197, Apr., 60 (TP88). 
High Temperature 
plastics testing (Klute and McKee). Published 
in ASTM Buttetin, No. 202, Dec., 50 
(TP236). 
Highway Materials 
Report of Comm. D-4, 420. 
Hogentogler Award 
Summary of Proceedings of the Fifty-seventh 
Annual Meeting, 14. 
Honorary Awards 
Summary of Proceedings of the Fifty-seventh 
Annual Meeting, 9. 
Hydrocarbons 
aromatic 
bromine index 
Report of Comm. 
-16, 510. 
presence in C, fraction 
infrared spectrophotometry 
proposed method of test. Published in 
Nov., 1954, Compilation of ASTM. 
Standards on Petroleum Products and 
Lubricants. 
Report of Comm. D-16, 508. 
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harpy 
Poisson effect (Hartbower), 929. Disc., 937. 
specimen size effect 
steel notched bars (Schwartzbart and 
Sheehan), 939. (R) Disc., 952. 
steel 
notched-bar test (Raring and Rinebolt), 956. 
Disc, 963. 
test 
sheet metals (Muhlenbruch). Published in 
ASTM Bouttetin, No. 196, Feb., 43 
(TP51). Disc., 49 (TP57). 
tester 
textiles (Dickson and Davieau). Published 
in ASTM Buttettn, No. 198, May, 85 
(TP131). 
Insulating Materials 
electrical 
errors in measurement of dielectric constant 
(Field), 456. 
Report of Comm. D-9, 444. 
Report of Comm. D-20, 529. 
Symposium on Temperature Stability of 
Electrical Insulating Materials. Sum- 
mary of Proceedings of STP 161, 1385: 
deflected beam-film rupture test (Morgan 
and Mathes). 
dielectric 
properties (Scott, Ehrlich, and Richard- 
son). 
measurements on plastics (Hazen). 
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ymposium—contin 
4 electrical resistivity (Wechsler). 
fabrics (Bartlett). 
flexible sheet insulation (Plettner and 
Currin). 
heat aging characteristics (Morgan and 
Mathes). 
_ insulating varnishes (Haroldson). 
q polyvinyl chloride compounds (Bartlett). 
_ silicone varnished glass fabric (Anderson). 
_ thermosetting _ plastics 
impact machine (Burns). Published in ASTM 
ULLETIN, No. 195, Jan., 61 (TP23). 
International Relations’ 
Report of Comm. on Standards, 76. 


L 


(Winans and 


Lacquer 
Report of Comm. D-1, 396. 
Lateral Loads 
Supplement to Symposium on Lateral Loads 
Tests on Piles, STP 154-A, 1243: 
<3 earth pressure and deflection (Mason and 
Bishop). 
goo deflection analysis (Palmer and 
Brown). 
Low Temperature 
testing elastomers (Labbe). Pub- 
lished in ASTM Buttetin, No. 199, July 
73 (TP151). 
plastics testing (Klute and McKee). Published 
in ASTM Buttetin, No. 202, Dec., 50 
(TP236). 
stiffness testing elastomers (Conant). Pub- 
lished in ASTM Buttetin, No. 199, July, 
67 (TP145). 
Lubricants 
Report of Comm, D-2, 403. 
Lubrication 
Symposium on Engine Design Effects. Pub- 
Iss in ASTM Buttetin, No. 198, 


tone wear (Junge), 64 (TP110). 


- oil requirements (Hamer, Tutwiler, and 
Weisel), 70 (TP116). 
wear (Mougey), 57 (TP103). 
M 
Magnesium ; 


exposure (Adam and Dougherty), 


sand-casting alloys 
elevated-temperature properties (Nelson), 
1081. 
wrought alloys 
elevated-temperature properties (Baker), 
1 


Report of Comm. B-7, 260. 
Magnetic Properties 


Report of Comm. A-6, 128. 
Magnetic Testing A 
steel connecting rods s. 


SupyecT INDEX 


gamma ray and magnaflux (Thompson). 
Published in ASTM | BuLtetin, No. 197, 


Apr., 58 (TP86). 
Malleable Iron 
Report of Comm. A-7, 129. 
Marburg Lecture 
oe of engineering data (Dodge), 
Masonry 
cracking and damage 
clay tile moisture nsion (McBurney), 
1219. (R) Disc., 1250. 
Report of Comm. C-12, 379. 
Membership 
Report of Board of Directors, 37. 
— Cleaning 
rt of Comm. D-12, 490. 
Mets tallography = 
electron microstructure 
bainite and martensite in steel 
Report of Comm. E-4, 568. Disc., 588. 
Report of Comm. E-4, 566. 
Metals and Alloys 
chemical analysis 
Report of Comm. E-3, 562. _ 
non-ferrous 
Report of Comm. B-3, 147, 150. 
Metals, Light 
Report of Comm. B-7, 260, 263. 
Metal Powders 
Report of Comm. B-9, 311. 
Mica 
Report of Comm. D-9, 444. 9 | 
Microstructure 
alloy steel ‘ 
elevated temperature (Heger, 
Hodge, and Marshall), 1 
Mortars 
chemical-resistant 
Report of Comm. C-3, 340 
efflorescence testing (Rogers). Published in 
ASTM Bu tet1n, No. 200, Sept.,64 (TP190). 
Report of Comm. C-12, 379, 
volume change (Anderegg and Anderegg). 
Scheduled for publication in 1955 ASTM 


BULLETIN. 
Motor Oil, see Oil, motor. 
N 


Naval Stores 
Report of Comm. D-17, 513. 
Nickel and Nickel Alloys 
Report of Comm. B-2, 145. 
Nickel Silver 
mechanical properties (Gohn, Guerard, and 
Herbert), 229. 
Non-Destructive Testing 
correlation of Betatron (Norris). Published in 
ASTM BULLETIN, No. 197, Apr., 56 (TP84). 
forging ingots (Hafemeister). Published in 
ASTM Boutteti, No. 197, Apr., 52 (TP80). 
Papers on Non-Destructive Testing. Published 
in ASTM Buttettn, No. 196, Feb., No. 
197, Apr., and woe — May; also avail- 
able in special rep 
betatron (Norris), ‘56 (TP84). 
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flash X-ray studies (Criscuolo and O’Con- 
nor). Published in special reprint only. 

fluoroscopic inspection (Polansky and 
Published in special reprint 
only. 

gamma radiography and Magnaflux indica- 
tions (Thompson), Apr., 58 (TP86). 

radiographic-performance in ordnance 
(O’Connor and Criscuolo). Published in 
special reprint only. 

radiographic-micrographic examination 
(Modine and O’Connor). Published in 
special reprint only. 

ultrasonic frequencies (Cook and VanVal- 
kenburg), May, 81 (TP127). 

ultrasonic reflectoscope (Tarr), Feb., 54 
(TP62). 

ultrasonic testing of forging ingots (Hafe- 
meister), Apr., 52 (TP80). 

steel connecting rods 
gamma ray and magnaflux (Thompson). 

Published in ASTM Bvuttetin, No. 197, 
Apr., 58 (TP86). 

ultrasonic frequency (Cook and VanValken- 
burg). Published in ASTM Bu tetin, No. 
198, May, 81 (TP127). 

X-ray in 2- and 6-million volts (Goldie, Wright, 
Anson, Cloud, and Trump). Published in 
ASTM Bu No. 201, Oct., 49(TP211). 

Nylon 

creep-time relationship (Marin, Webber, and 

Weissmann), 1313. Disc., 1329. 


Oo 


Odor 
Symposium on Odor. Summary of Proceedings 
of STP 164, 1383: 
contro] methods (Turk). 
definitions (Sagarin). 
hydrocarbon concentration measurements 
in industrial exhaust fumes (Ruff). 
pollution, official’s viewpoint (Gruber). 
test room design, construction, and use 
(Deininger and McKinley). 
three-component mixtures, organoleptic ap- 
praisal (Gee). 
Oil 
lubricating requirements in engines (Hamer, 
Tutwiler, and Weisel). Published in ASTM 
BuLteTIn, No. 198, May, 70 (TP116). 
Disc., p. 76 (TP122). 
motor 
viscosity (Foreman), Disc. Published in 
ASTM Bouttetin, No. 200, Sept., 55 
(TP181). 
Oxyquinolate 
magnesium oxide determination in cement 
(Bean and Tucker). Published in ASTM 
BULLETIN, No. 201, Oct., 62 (TP224). 


P 
Packing 
Report of Comm. D-10, 479. 
Paint 


beaded traffic (Werthan). Published in ASTM 
BuLtetin, No. 202, Dec., 59 (TP245). 


Paintbrushes 


Paperboard 


Papers and Publications 


Particle Size 
Paving Materials 


Petroleum 


Petroleum Products 


chip resistance measurement (Brightwell). 
ublished in ASTM Bou ttetin, No. 200, 
Sept., 53 (TP179). 
hiding power test (Switzer). Published in 
ASTM Buttetin, No. 197, Apr., 60 (TP88). 
rt of Comm. D-1, 396. 
safflower oil 


proposed specifications. Published in Jan., 


1955, Compilation of ASTM Standards on 
Paint, Varnish, Lacquer, and Related 
Products. 


sampling (Snyder, Lortscher, and Beatty). o> 
Published in ASTM Bu ttetin, No. 197, 
Apr., 49 (TP77). 
r 


ape 
Report of Comm. D-6, 434. 7 
Report of Comm. D-9, 444 . Ty 


Report of Comm. D-6, 434. 


~— of Comm. on Papers and Publications, © 


Report of Comm. E-1, 542. 


Report of Comm. D-4, 420. ; 


hydrocarbons in C, fraction 
infrared spectrophotometry 
proposed method of test. Published in 
Nov., 1954, Compilation of ASTM | 
Standards on Petroleum Products and 
Lubricants. 
jet fuels 
filterability 
method of test. Published in 
ov., 1954, Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants. 
mercaptan sulfur 
proposed method of test. Published in 
Nov., 1954, Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants. 
steam-turbine oils 
emulsion characteristics 
proposed method of test. Published in 
Nov., 1954, Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants. 
reduced pressure distillation 
information on test method. Report of 
Comm. D-2, 416. 
Report of Comm. D-2, 403. 
temperature measurement 
proposed revision of method. Report of 
Comm. D-2, 411. 


determination of water by distillation 
proposed specifications. Report of Comm. — 
E-1, 554. 
distillation apparatus (Myers and Kiguchi). 
Published in ASTM Buttetin, No. 195, 
Jan., 39 (TP1). 
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pH Value 


Report of Comm. E-1, 542. 


Pigments 


Report of Comm. D-1, 396. 


Piles 


Supplement to Symposium on Lateral Load 


Tests 


earth pressure and deflection’ (Mason and 


4] Bishop). Electrical Insulating Materials. 
pressure deflection analysis (Palmer and cement mortar 
Brown). compressive strength 
Pipe mechanical mixing. Published in ASTM 
clay BuLttetin, No. 196, Feb., 24. 
Report of Comm. C-4,342, | cotton 
concrete hn dyeing behavior. Published in Oct., 1954, 
Report of Comm. C-13, 381. : Compilation of ASTM Standards on 
Pitch Textile Materials. 
Report of Coinm. D-8, 440. : paint 
Plastics safflower oil. Published in Jan., 1955, 
ae | Compilation of ASTM Standards on 
ect of crystallinity, crazing, aging, and Paint, Varnish, Lacquer, and Related 
residual stress (Findley), 1 1307. Products. 
_ errors in measurement of dielectric constant petroleum 
(Field), 456. determination of water by distillation. 
and low temperatures (Klute and Mc- Report of Comm. E-1, 554. 
ee). Published in ASTM Buttetin, No. hydrocarbons in C, fraction 
202, Dec., 50 (TP236). infrared spectrophotometry. Published in 
: nets machine (Burns). Published i - ASTM Nov., 1954, Compilation of ASTM 
ULLETIN, No. 195, os 61 (TP23). Standards on Petroleum Products and 
Report of Comm. D-9, 444 Lubricants. 
Report of Comm. D- 20, 529. jet fuels 
‘time-temperature relationship (Goldfein), filterability. Published in Nov., 1954, 
; 1344. Disc., 1352. Compilation of ASTM Standards on 


weathering (Yustein, Winans, 
Published in ASTM BULLETIN, No. 196, 
s Feb., p. 29 (TP37). Disc., 38 (TP46). 


Polishes 
Repo 


mings), 8 


Porcelain Enamels 
Report of Comm. C-22, 394. 


Pozzolan 


fly ash admixture in concrete (Minnick), 1129. 
(R) Disc., 115 
Preservatives 


; Report of Comm. D-7, 437. 
President’s Talk 


additives 


Buttetin, No. 198, May, 51 (TP97). 
annual address (Beard), 33. 


Printing Ink 


_ Report of Comm. D-1, 396. 
Proposed Methods 


adhesives 


dhesives. ASTM Buttetin, No. 196, Feb., 20. 
=, to attack by rats. Published Prot Method 
in Sept., 1954, Compilation of ASTM — testing (Corten, Dimoff, and Dolan), 


Standards on Adhesives. 


rt of Comm. D-21, 538. 
Polycrystalline Metals 
fatigue a (Stulen and Cum- 
R 


bonded specimens 
deflection. Published in Sept., 
Compilation of ASTM Standards on 


susceptibility to attack by roaches. Pub- 
lished in Sept., 1954, Compilation of 
ASTM. Standards on Adhesives. 
aromatic hydrocarbons 
bromine index. Report of Comm. D-16, 510. 
aviation fuels 
dielectric constant. Published in Feb., 1955, 
Compilation of ASTM Standards on 
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on Piles, STP 154-A, 1243: 


and Stark). Petroleum Products and Lubricants. 
mercaptan sulfur. Published in Nov., 
1954, Compilation of ASTM Standards 
on Petroleum Products and Lubricants. 
steam-turbine oils 
emulsion characteristics. Published in 
Nov., 1954, Compilation of ASTM 
Standards on Petroleum Products and 
Lubricants. 
water 
evaporative industry. Published in Sept., 
1954, printing of Manual on Industrial 
Water. 
industrial wastes 
toxicity to fishes. Published in 1954 
Supplement to Book of ASTM Stand- 
ards, Part 7, and in Sept., 1954, print- 
ing of Manual on Industrial Water. 
wax polishes 
additives. Published in ASTM Buttetin, 


(Beard). Published in ASTM 


~~ No. 197, Apr., 38. 
nl dynamic coefficient of friction. Published 


in ASTM Buttetiy, No. 196, Feb., 21. 
index of refraction. Published in ASTM 
BuLieTin, No. 197, Apr., 39. 
static coefficient of friction. Published in 


1954, 


5. (R) Disc., 895. 
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Quality Control 
—— of engineering data (Dodge), 


(R 
Report of Comm. E-11, 599. 


R 
Radioactive Isotopes 
Comm. E-10, 598. 
Radiograj 


(Nori) Published in ASTM But- 
LETIN, No. 197, Apr., 56 (TP84). 

steel connecting rods 
gamma ray and pete (Thompson). 
Published in ASTM Buttetin, No. 197, 
Apr., 58 (TP86). 

X-rays in 2- and 6-million volts (Goldie, 
Wright, Anson, Cloud, and Trump). Pub- 
lished in ASTM BULLETIN, No. 201, Oct., 
49 (TP211). 

Rayon 
Reset of Comm. D-13, 493. 
Reflectance 

detergency of fabrics (Diaz, Paitchel, and 
Woodhead). Published in ASTM Boutte- 
TIN, No. 202, Dec., 56 (TP242). 

Reflectoscope Inspection 

seam welds (Tarr). Published in ASTM But- 
LETIN, No. 196, Feb., p. 54 (TP62). Disc., 
60 (TP68). 

Refractories 
Report of Comm. C-8, 344. 


Report of Comm. on Research, 83. 
Richart Award 
Summary of Proceedings of the Fifty-seventh 
Annual Meeting, 9 
Road Materials 
Report of Comm. D-18, 517. 


Report of Comm. D-4, 420. re? 
Roofing Ds, 440, 
Report of Comm. 
Rope, Manila 


Becker value by photoelectric reflectometry 
(Newman, Hammond, and Riddell). Pub- 
lished in ASTM BULLETIN, No. 199, July, 
84 (TP162). 


osin 
Report of Comm. D-17, 513. 
Rubber 
errors in measurement of dielectric constant 
(Field), 456 
Gehman 2 (Sinclair and Griffis). Pub- 
lished in ASTM Buttettn, No. 200, Sept., 
56 (TP182). 
Report of Comm. D-11, 481. 
synthetic 
Report of Comm. D-11, 481. 
vulcanizates 
effect of temperature (Juve and Schoch). 
Published in ASTM Buttettn, No. 195, 
Jan., 54 (TP16). 
Ru ture 
uminum 
under static and fatigue stress (DeMoney 
and Lazan), 769. Disc., 783. 


Salt Spray Test ny} 
electrodeposited coati Ae 
Report of Comm. B-8, 299, (one 2 | 
Report of Comm. B-3, 147. ay 
Sample Procedure 


paintbrushes (Snyder, Lortscher, and Beatty). 
Published in ASTM Buttetin, No. 197, 
Apr., 49 (TP77). 
Sandwich Construction 
tester for analysis stress (Ericksen). Pub- 
lished in ASTM Buttetin, No. 199, July, 
80 (TP158). 
Sands 
strength and characteristics 
(Seed and Lundgren), 1288 
Shellac Pe 
Report of Comm. D-1, 396. oN 
Shipping Containers 
Report of Comm. D-10, 479. 
Siding Materials 
Report of Comm. D-8, 440. 
Significance of Tests 
concrete 
fly ash admixture (Minnick), 1129. (R) 
Disc., 1159. 
- Significance of Tests on Concrete. S 
of Proceedings of STP 169, 1242: 
admixtures 
air-entrained 
mineral eissner). 
an (McCoy). 


cc examination of a 
(Also included in 1054 
Proceedings, 1188. (R)) 
setting time (Scripture). 
Soaps 
Report of Comm. D-12, 490. 
Soils 
cohesionless 
in-place density (Griffin), 1270. 
Report of Comm. D-18, 517. 
sand 
strength and deformation characteristics 
(Seed and Lundgren), 1288. 
Symposium on Permeability of Soils. Sum- 
mary of Proceedings of STP 163, 1244: 
fine-grained soils (Lambe). 
ground-water investigations (Smith and 
Stallman) 
hydraulic conductivity (Kirkham). 
low-head permeameter (Yemington). 
principles of testing (Burmister). 
sand and sand-gravel (Jones). 
sands (Chu, Davidson, and Wickstrom). 
selected references (Johnson). 
water movement (Winterkorn). 
Solder 
Report of Comm. B-2, 145. 
of Testing 
te of Comm. E-1, 542. 
Standardization 
Report of Comm. on Standards, 76. fa 
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_ Statistical Analysis 
application techniques (Bickin 


200, 


cylinder, modified cube, beam strength 
(Kesler), 1178. Disc., 1186. 
creep-rupture properties 
heat resistant alloys (Rush and Freeman), 
1098. Disc., 1123. 
fatigue curves (Schuette), 853. Disc., 865. 
of engineering data (Dodge), 


Report a Comm. E-11, 599. 


7 blished in ASTM Buttetin, No. 
Sept., 48. (TP174). 
concrete 


elevated-temperature strength 
microstructure effect (Heger, Hodge, and 
Marshall), 1003. 
fatigue properties (Goldberg and Lom- 
bardo), 325. 
Report of Joint Comm. on Effect of Tem- 
perature, 321. 
corrosion 
Report of Comm. A-5, 106. 
corrosion-resisting 
Report of Comm. A-10, 130. 
notch-bar test (Raring and Rinebolt), 956. 
Disc., 963. 
notched bar test 
specimen size effect (Schwartzbart and 
*PShechan), 939. (R) Disc., 952. 
—— of Comm. A-1, 91, 97. 
stainless 
electrolytic etching. Published in ASTM 
Butitetin, No. 195, Jan. (Streicher), 
63 (TP25); (Beck, Greene, and Fontana), 
68 (TP30); (Jackson and Luce), 71 
(TP33). 
welding rods specifications. Published in 
ASTM Bouttetin, No. 198, May, 
(TP123). 
strength at elevated temperatures (Miller), 
964. Disc., 987. 
‘i008. and creep-rupture (Smith and Seens), 


tension 
size wellect (Richards), 995. Disc., 1001. 
Stiffness 
improved scale system (LaTour and 


utton). Published in ASTM BvuLtetin, 
No. 196, Feb., 40 (TP48). 
rubber (Sinclair and Griffis). Published in 
ASTM Buttetmy, No. 200, Sept., 56 
(TP182). 
Strain Gage 
testing techniques (Tatnall). Published in 
ASTM Buttetin, No. 199, July, 62 
(TP140). 
Stress Analysis 
sandwich proof tester (Ericksen). Published 
in ASTM BuLtetin, No. 
(TP158). 
Stress-Strain Relations 
triaxial testing machine (Wiseman and Marin), 
1365. Disc., 1382. 


199, July, 80 


Surface Waves 
ultrasonic Somemnainn (Cook and VanValken- 


burg). Published in ASTM BuLtetin, No. 
198, May, 81, (TP127). 
T 
as 
Tar 


Report of Comm. D-4, 420. 
Report of Comm. D-8, 440. 
Temperature Effect 
air aging of rubber vulcanizates (Juve and 
Schoch). Published in ASTM Butterm, 
No. 195, Jan., 54 (TP16). 
fatigue 
berg and Lombardo), 32 
metals at elevated 
cyclic heating and stressin 
Symposium on Effect a Cyclic Heati 
and Stressing on Metals at Eleva’ 
Temperatures. Summary of Proceed- 
ings of STP 165, 700: 
aircraft sheet alloys (Guarnieri). 
_ constant and cyclic-load creep tests 
(Simmons and 
ereep (Dorn and Shepa 
creep of steels Hous- 
ton 
cy clic om (Caughey and Hoyt). 
fatigue (Coffin Coffin 
rupture strength (Miller). 
scaling of Fe-Cr-Ni alloys (Eiselstein 
and Skinner). 
plastics 
a stresses (Goldfein), 1344. Disc., 


Report of Comm. B-4, 160. 
Report of Joint Comm. on Effect of Tem- 
perature, 321. 
refractaloy-26 
fatigue notch sensitivity (Toolin), 786. (R) 
Disc., 797 


Temperature, Elevated * 


carbon steels (Miller), 964. Disc., 987. 
Temperature Measurement 
ooney viscometer (Decker and Stichler). 
Published in ASTM Butteti, No. 195, 
Jan., 45 (TP7). (Decker), "No. 195, 
Jan., 51 (TP13). 
petroleum 
proposed revision of method 
Report of Comm. D-2, 411. 
Templin Award 
Summary of Proceedings of the Fifty-seventh 
Annual Meeting, 21. 
Tension 
creep-time relationship for nylon (Marin, 
Webber, and Weissmann), 1313. Disc., 1329. 
hardened 1040, 4340, and Ni-Cr-Mo-V steels 
(Smith and Seens), 1028. 
impact test 
sheet metals (Muhlenbruch). Published in 
ASTM Bouttetin, No. 196, Feb., 43 
(TPS51). Disc., p. 49 (TP57). 


7 


— 
| 
mh 
4 = 
4 


magnesium wrought alloys 
arene properties (Baker), 
1 


sand-casting alloys 
properties (Nelson), 


steel 
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